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PREFACE TO THE FIRST ENGLISH 

EDITION 


A COMPARISON between the present work, the latest edition of the 
German original, and the last American translation, will show that 
while the German tett-book has been faithfully followed, modifications 
have been introduced which will be regarded, it is hoped, in the light 
of solid improvement. Certain statements have been correctecj or 
modified, changes which have usftally been indicated, and a great 
nunxbcr of minor alterations h<we been made in the marshalling«of 
facts And the setting out ,of formulae with the object of a more^logical 
sequence and a clearer emphasis of the point under discussion. 

References to German literature have been retained with the 
object of pre^rving to the student the adva/tages of the origin of the 
book; the English references will be otherwise readily obtainable 
by him. 

I take great pleasure in expressing my gratitude to Mr. W- P. 
Skc*rtchly, F.I.C., not only for assistance in the more mechanical part 
«f the translation, but also for the careful way in which he has read 
through the proofs. 

Furtfiermore, to Mr. A. J. Grcen^ay, Sub-Editor of the Journal 
of the Chemiqal Society, I offer my most cordial thanks for his valued 
advice on certain doubtful points of nomenclature. 

PERCY E. SpiELMANN. 

kONDON, 19X5. 


N.B.—The ^blishers beg to ^expk|iiv*that a year's delay has 
•occurred in the production of this volume (announced for the autumn 
•0^914), owing to Dr. Spielmann's emaloyment on important Work 
connSbted with explosives for Government. 


K. P. T. T. & Co.. Ltd, 



PREFACE TO THE SECOND ENQLISH 

EDITION 


Notwithstanding the depletion of students from the many Technical 
Institutions as a result of the late* war, a second edition of the first 
' vcji]me of this text-book has been caUed for—a gratifying rccogn^Jtion 
of its cjpntifffled and increasing usefulness. 

As inevitable to the first production of a book of this character, 
with its innumerable formulae and figures, a certain number of mis¬ 
prints had crept in, and! careful search for these has bedn made. 

The need of such recmcations must not deter me from paying a 
tribute/.o the printers, Messrs. Clowes and Sons, for the care and success 
with which they have carried through so complicated a piece of type 
setting ; while to the Publishers is due acknowledgment for lyhch 
that was of assistance in my share of the work of production. 

It is bglieved that, in its revised form, this volume will be found to* 
meet all the requirements of the daily expanding class of Acmical 
students, on whose services will depend so important atshare in the 
scientific foundation of the firm establishment and success of British 
Industry. 

PERCY E. SPIELjfANN. 


London, 1919. 



PREFACE TO tHE THIRD AMERICAN 

EpiTIOll 

In presenting this translation of ^the eighth German edition of 
V. Richter's “ Organid Chemistry " the writer has Ifttle to add to wlmt 
has previously been expresstd in the prefaces to tKe preceding American 
editions of this most successful book. The student of the present 
edition will, fiowever, very quickly discover that the subject-matter, 
so ably edite<i*by Professor Anschiilz, is vastly different from that 
given in the earlier editions. Indeed, the book has sustained very 
radical changes in many particulars, and certainly to its decided 
advantage. The marvellous advaqpes in the various lines of synthfetic 
organic chemistry have made many of the changes in the text abso- • 
lutefy.necessary, and for practical reasons it has seemed ^st to i 5 ^e 
this new edition in two vdlumes. * 

• Eminent authorities, such as Profs, v. Baeyer, E. Fischer, Waitz, 
Claisen, anti*0!hers, *havc given the editor tie benefit of their super¬ 
vision of chapters relating to special fields jof investigation in which 
they are the recognized authorities. 

The translator here acknowledges his great indebtedness'to his 
publishers, P. Blakiston's Son & Co., for their constant aid in liis work, 
as wbll as to*Messrs. Wm. F. Fell & Co., for the care they have taken 
and the skill they have displayed in the compbsition of what will 
generally be admitted to be a difficuH piec^if of typography. 

E. F. SMITH. 


PREFACE TO THE SECOND AMERICAN 

EDITION 

•The present American edition of v. Richter's “ Organic Chemistry " 
^JWll l^ound to differ very considerablyin its arrangement and Size, 
from the first edition. The introduction contains new and valuable 
.additions upon analysis, the determination of molecular weights, 
recent theories on ^chemical structure, electric conductivity, etc- 
The section devoted to the carbohydrate/has been entirely rewritten, 
and prasents the most recent views ip regard to the constitution of 




A TliXT-BOOK 


OF 

ORGANIC CHEMISTRY 


INTROnUC TJOM 

• 

Whilst inorganic chemisiry was ^developed primarily through the 
investigation of minerals, and ^vas in consequence termed mineral* 
chemistry, it may be Siiid that the development of cliermstry 

\va-s due U) the study of products resulting from the alteration (ft plant 
and animal substances. About the close of the eighteenth century 
Lavoisier damoiislxaPcd that, when tlie organic substances present in 
vegetable an*d animal organisms were burned, carbon dihxide and 
water were always formed. It was tliis chemist also who showed that 
the cdtnponent elements of these bodies, so different in properties, 
were generally carbon, hydrogen, oxygen, and, especially in animal 
sul:*;tances, nitiogen. Lavoisier further gave utterance to the opinion 
that *ixiculiarly constituted atomic groups, or radicals, were to be 
accepted as present in organic substances ; wliitst the mineral sub¬ 
stances were regarded by iiim as the dire4:t combinations ^f single 
elements. 

As it seeiped iijipossible, for a long time, to prepare organic bodies 
synthetically from the elements, the o])inion prevailed that there 
existed an essential difference between organic and inorganic sub¬ 
stances, wjiich led to the# use of the nanieS Organic^ Chemisiry and* 
Inorganic Chemisiry, The prcv<ilont opiiyon \\ias,^that the cliemical* 
elements in the living bodies were subject tobther laws than those in 
the so-calledfnanimatc nature, and that the organic substances were 
formed in the organism only by the intesvention of a peculiar vital 
force, and that they could not possibly iTe prepared in an artificial 
way. 

On^fact sufficed to jltove these ratffi«r restricted views to be un¬ 
founded. The first organic substance artificially prepared was urea 
(Wohler^ 1828)* By this synthesis cliietiy, to wliich others were soon 
added, the idea of a peculiar force necessary to the formation of organic 
compounds was contradicted. All furt^ier attempts to separate 
organic substances froni the inorganieVthe chemistry of the simple 
and the chemistry of the compound r^icals, p. 18) were futile. At 
present we know that these do nqf. difEdr essentially from each other; 

VOL. V B 
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ORGANIC CHEMISTRY 

that the peculiarities of o^anic compounds arc dependent solely on 
the nature of their essential constituent, Carbon ; and that many sub¬ 
stances belonging to plants and animals can be prepared artificially 
from the-elements. Organic Chemistwy is, therefore, the chemistry of 
the carbon compounds. Its separation from the chemistry^of tiie other 
elements is necessitated only by practical considerations, on account 
of the very great number ftf carbon compounds (about 120,000; see 
M. M, Richter's Lexikon der Kolilofistoffverbindungen), which far* 
exceeds those •f all other elements put together. No other possesses 
in the same dcgrtjp the ability ©f tlie carbon atoms to unite with one 
ajiother tfe form open and closed rings or ciiains. The numerous 
existing carbon nuclei in which atoms or atomic groups of other 
elements have enteVed in*tlie formation of organic derivatives have 
arisen in this manner. * 

The impetus given to the study of the compounds of fcarbon has not 
only brought ncAV industries into existence, but it has caused the rapid 
development of others of like importance to the growth and welfare 
of.the nation.’*' 

The advances of organic chemistry are equally important to the 
investigation of tlie chemical in’oicesses in vegetable and animal 
or^anismst a section of the subject known as Physiological Chejnisiry. 


DETERMINATION \OF THE COMPOSITION Ot CARBON 

COMPOUNDS 

ELEMENTARY ORGANIC ANALYSIS 

Most carbon compounds occurring in the animal and vegetable 
kingdoms consist of^carbon, hydrogen, and oxygen, as was*demonstrated 
by Lavoisier, the founder of organic elementary analysis. Many, als 5 , 
contain nitrogen, and on this account ihesc elements ar£ termed 
Organogens,^ whilst sulphur and pliospltorus arc often present. Almost 
all the elements, non-metals and metals, may be artificially introduced 
as constituents of carbon compounds in direct union with carbon. 
The number of known* carbon compounds is exceedingly great (see 
above). The*gci>eral procedure, therefote, of isolatingCthe several 
compounds of a'mixture,- as is done in inorganic chemistry in the 
separation of bases from acids, is impracticable, and ^ecial methods 
have to be devised. The task of elementary organic analysis is to 
determine, qualitatively &id.quantitatively, the elements of a carbon 
compound after it has beep obtained in a pure state and characterized 
by definite physical proper,ties, such as ^ crystalline form, specific 
gravity, melting point, and boiling point. Simple practicalunethods 
for the direct determination of oxygen do not exist; its quantity is 
usually calculated by difference, after the other constituents have been 
found. 

• Wirthschaftliche Bedc\itunU.chemischer Arbeit, von H. Wichelhaus, 1893. 

I This word is retained here hrom the German, but is not in general use in 
English chemical language. (Translator's note.) 
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DETERMINATION OF CARBON A^D HYDROGEN 

The presence of carbon in a substance is shown by its charring when 
ignited out of contact with air. tn general its quantity, as also that of 
the hydrogeif, is ascertained by combustion. The substance is mixed 
in a glass tube with copper oxide and heated, or the vapour of the 
substance is passed over red-hot copper oxide. The cupric oxide gives 
up its oxygen and is reduced to nfetallic copper, whilst the iparbon burns 
to carbon dioxide, and the hydrogen to water. Iip quantitative 
analysis, these products are collected separately in social apparatus, 
and the increase in the* weight of the latter determined. Csdbon and 
hydrogeii are always simullaneously determined’.in one operation. 
The details of the quantitative analysis are fuJIy described in the text¬ 
books of analytical chemistry.* It is only' nec*cssary here, therefore, 
to outline the hitithods employed. Liehig^s name is especially associ¬ 
ated with the elaboration of these methods (Pogg. A, 1831, 21 , i). 

Usually the combustion is effected by the aid of copper oxide or fused and 
granulated lead chromate in a tube of hard^lass, fifty to seventy centimetres long 
(depending upon the greater or less volatility of the organic body). Substances 
which burn with difficulty should be ftiixcd with finely <Iivided cupric 
finely divided lead chromate, or with cupric oxide to which potassium bichromate 
has been added. • * 

The combustion tube is drawn into a point, and the contracted end given a 
bayonet-shape (Liebig), fy it is open at both ends (Glaser, A. Suppl. 7, 213). 
Cloez has also silggcsted the use of an iron tube (Z. anal^Ch. 2 , 413). 

The tube is placed in a suitable furnace, which fomerly was heated by a char¬ 
coal fire, but at present gas is usually employed (A . W, Hofmann, A. 90 . 235 ; 107 . 
37; Erle^meyer, Sr., A. 139 , 70; Glaser, l.c. ; Anschutz and Kehulc, A. 228 , 
301 ; Fuchs, B. 25 , 2723). Recently electric heating has been adoptcci with 
success (comp. B. 39 , 2263). 

When the tube has been charged, the open end is attached to an apparatus 
dcsignefl to collect the water produced in the combustion. The substances used 
to^ctain the moisture are : 

1. A U-tube filled with carefully purified calcium chloride, which has been 
dried at i8c^ C. 

2. Pure, concentrated sulphuric acid combined in a specially designed tube, 
or pumice fragments, dipped in the acid, and placed in a U-tube (Mathesius, 
Z. anal. Ch. 23 , 3(^5). 

3. Pellets of glacial phosphoric acid, contained in a U-tube. The vessel 
intended to receive the water is in air-tight connection with the apparatus 
designed to a>jsorb the carbon cyoxidc. For the latter purpose ^ Liebig jxitash 
bulb WAS formerly employed, but later that of Gcissler c^nc^nto use ; and very 
many other forms have been recommended (B.* 24,0 271 ; C. 1900, 1, 1240). 
U-tubes, filled w>^th granulated soda-lime, arc substituted for the customjiry 
bulbs (Mulder, Z. anal. Ch. 1 , 2). 

*When the combustion is finished, oxwen free ftom carbon dioxide is forced 
into or drawn through the combustion-tube, aii^oeiffg substituted for it later, with 
the precaution that the pieces of apparatus serving^to dry the oxygen and air are 
filled with the same material -^hich was used absorbing the water produced 
by the combustion. As soon as the entire systenff is filled with air, the pieces of 
apparatus employed for absorbing the water and carbon dioxide arc disconnected 
and weighed separately. The increase in weight of the apparatus' in which the 
water is collected represents the water resulting from the combustion of the 

• Anleitung zur Analyse organischer Knrpe^ J. Liebig. 2. Aufl. xd53. 
Quantitative chemische Analyse, R. Freseniu^. 6. Aufi., Bd. 2. Chemische 
Analyse organischer Stoffe, von Vortmann. Cie Entwicklung der organischen 
Elementaranalyse, M, Dennstedt, 1899. 
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weighed substance, and the iiit>:rcase in the other the quantify of carbon dioxide. 
I^owing the composition of water and carbon dioxide the quantity of carbon 
and hydrogen contained in the burnt substance can readily be calculated in 
percentage. 

Fig. x‘ represents one end of a combustion furnace of the type devised by 
KehuU z.n 6 . AnschtiUt (A. 228 » sci). In it lics.the combustion tnbe V, . This is 
connected with a Klinger calcium chloride tube, ^4 : ^ is a Gci<.slcr potash-bulb. 
joined to a U-tube, C, one limb of which is filled with pieces of stick potash, and 
the other with calcium chloride. G represents mica plates, which permit of a 
careful observation of the llamc. is a Action of the iron tube {Modification. 
C. X903, 1 , 6og)>m which the combustion tube V rests; T a side clay cover 
placed over the mica strips ; D a ejay cover for the top- R is the gutter into 
«which the gas-pipe. t^earing the burners, is placed, ^nd from which it can be 
Removed for repair. et<v 



, * Fig. I. 


Fig. X also shows, above the combustion tube, the anterior portion of a similar 
tube F*. provided with a Brcdt and Posth (A. 285 , 3S5) calcium chloride tube 
in which the movement of a drop of water enables the analyst to determine the 
rapidity of the combustion. is a U-tube fitted with sod'a-limt and provided 
with ground-glass stoppers. C* is a similar tube, filled one-half with so4at-lime 
and onc-half with calcium chloride. 

* Instead of oxidizing the organic substance with the combine^ oxygen of cupric 
oxide or lead chromate, the method of Kopfer may be employed, in which platinum 
black is made to carry Irce^gxygcn to the vapours of the substance. A simpler 
combustion furnace may then be employed. 

This method has been pradcctcd by Dennstedt * and his co-workers. In his 
*' tapid combustion method "^1^^ substance is introduced into a small tube and 
vapourized therefioni into a slow stream of oxygen. At the same time a more 
rapid current of the gas is sent round the small containing tube and over the 
heated contact substance (thin strips of platinum foil), so th^t the vapour of the 
compound to be combusted is always in the prcscnce.of a large excess of oxygen. 
The accompanying illustration (Fig. 2) indicates clearly the arrangement (B. 38 , 
3729; 1 ^ 9 . 1623). 


* Dennstedt. Anleitung zui* vereinfachten Elcmentar-analyse, a. Aufl. 
Hamburg, 1906. 
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DudUy recommeilds that the substance be plajf^d in a boat and burned in a 
platinum tube containing granular manganese dioxide in the anterior part (B. 21 , 
3x72). Or the substance may be combusted in a drawn-out coi^per tube (C. z8^, 

2,305)- 

Methods for the complete combustion of solid carbon compounds have been 
worked out hyW. Hempel, Kvocker, as well as by Zuntx and Frentzel (B. 30 , 202, 
380, 60^, by which the substance* is completely burned in oxygen under pressure 
in an autoclave. - ' 

Gaseous bodies can be analysed according to*the usual gas analysis methods, 
either with Bunsen*s • apparatus, orevith HcmpeVs,\ when great accuracy is not 
required. The volume of the gas or mixture of gases is mea^red after each 
successive reaction with potassium hydroxide solution, fuming sulphuric acid, 
alkaline pyrogallic acid*and ammoniacal cuprdus chloride. Tlese reagcgits absorb 
respectively carbon dioxidS, the so-called heavy hydrocarbons (olednes, acetylene^ 
aromatic hydrocarbons of the C;,Htn-6 series), oxygen ^^d carbon monoxide. 
The gaseous residue, which may consist of nitrogqp, hydrogen and methane, is 
either exploded with oxygen and the contraction bj volume measured both before 
and after absorpt.ion of the carbon dioxide formed ; or else the two combustible 
gases may be separately dealt with, the hydrogen being absorbed by paladium 





Fig. 2. 


black and the mctljauc being led over incandescint platinum. A complete 
separation of llic ethylene hydrocarbons irota l^osc of the benzene series has 
often been attempted, bjiit the results have not been satisfactory. 

When nitrogen is present in the substances burned, its oxides are sometimes 
produced, which have to be reduced to nitrogen. This may be effected by con¬ 
ducting the gases of the combustion over a layer of metallic copper filings, or a 
roll of copper ^auze placed in the front portion of the combustion tube. The 
latter, in such cases, should be a little longer than i^ual. •TIA copper, which has 
been previously reduced in a current of hydrogen, oftem includes some of the gas 
which, on subscqtT.mt combustion, would yield water. To remedy this, the copper 
after reduction is heated in an air-bath or, better, in a current of carbon dioxide 
or to 200® in a vacuum. Its reduction bg the^ap^rs of formic acid or methyl 
alcohol is more advantageous ; this may be done by pouring a small quantity of 
these liquids into a dry test tube and then suspend^g in them the roll of copper 
heated to redness ; copper thus#educed is perfeiitly free from hydrogen. 

It is generally unnecessary to use a copper spiral when the combustions are 
carried out in open tubes. 

If the substance contains chlorine, bromine or iodine, copper halides are formed, 
which, being volatile, would pass into the calcium chloride tube. In order to 
avoid this a spiral of thin copper, or better, silver fpil is introduced into the front 


* Bunsen, Gasometrische jlfethoden, 2. Au^Braunschweig, 1877. 
t Hempel, Gasometrische Methoden, Bra^schweig, X900. Winkler, Gae- 
analyMt Freiberg, 1901. 
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part of the tube. Wlien the^Ranic compound contains su^hur a portion of the 
latter will be converted into sulphur dioxide (during the combustion with cupric 
o^ide). which may be prevented from escaping by introducing a layer of lead 
peroxide (Z. anal. Ch. 17 , r). Or lead chromate may be substituted for the cupric 
oxide, which would convert the sulphur ii^o non-volatile lead sulphate. In the 
combustion of organic salts of the alkalies or alkaline earths, apportion of the 
carbon dioxide is retained by the base. To prevent this and to expel the CO], 
the substance in the boat is nuxed with potassium bichromate or chromic oxide 
(B. 13 , 1641). • 

An organic substance, containing nitrogipn, sulphur, chlorine or bromine, caft 
be analysed hy fiennstedVs method (sec above, i*'ig. i). It is mixed with pure 
lead peroxide and placed in a boat of special shape in the front part of the tube. 
The temperature is then raised to about 320®. The nitrogen, sulphur, and halogens 
^re held bS.ck in the form of lead compounds, whilst thi carbon and hydrogen pass 
away as carbon dioxi^tf and water, and are estimated in the usual way. 

When carbon alone is to determined this can be effected, in many instances, 
in the wet way, by oxidation^ith chromic acid and sulphuric acid {Messinger, 
B. 21 , 2910; compare A. 273 , 131)* 

• • 

DETERMINATION OF NITROGEN 

In many instances, tiie presence jf nitrogen is disclosed by the 
odour of burnt feathers M''hen tl^c compounds under examination are 
heated. Many nitrogenous substances yield ammonia when heated with 
'ilkakes ^r, better still, with soda-lime). A simple and very delicsrte test 
for the detection of nitrogen is the following : the substance Is heated 
in a test tube with a small piece of sodium or potassium, or, when the 
substance is explosive, with the addition of ^ry soda. Potassium 
cyanide is produced, accompanied perhaps by a sliglit detonation. 
The residue is treated with water; to the filtrate, ferrous sulphate 
containing a ferric salt is added, and then a few drops of potassium 
hydI^^xide ; the mixture is then heated, and finally an excess of hydro¬ 
chloric acid is added. An undissolved, blue-coloured precipitate 
(Prussian blue), or a bluish-green coloration, indicates the presence 
of nitrogen in the substance examined. * » 

Nibrogen is determined quantitatively: (i) as nitrogen, by the 
method of Dumas ; {20} as aynmonia, by the ignition of the material 
witli soda-lime (method of Will and Varrenirap) ; {2U) as ammonia, 
by heating the substance with sulphuric acid acCordiftg to the direc¬ 
tions of KjeldahL 

ft 

X. Dumas’ {lethod.—The substance, mixed ^vith cupric oxidegis burned in a 
tube of hard glass m tjyc anterior end of which is a layer of metallic copper which 
serves for the reductioa of the oxides of nitrogen. The tube is filled with 
carbon dioxide, obtained by heating either dry, primary sodium carbonate or 
magnesite, contained in the posterior and closed end of the tube. It can also be 
filled from a carbon dioxicte apparatus of the type recommended by Kreitsler 
(Z. anal. Ch, 24 , 440), in which case in open tube is used. A more practicable 
method of procedure consists in evacuating the tube, previous to the combustion, 
b; means of an air-pump, and idling each time ^ith carbon dioxide (A. 283 , 330, 
note); or the air may be rem&ved by means of a mercury pump (Z. anal. Ch, 17 , 
409)* 

When the combustion is ended, excess of carbon dioxide ^ employed to sweep 
all the nitrogen from the combustion tube into the graduated tube or aiotometer, 
which may have one of a variety of forms (Zulkowsky^ A. 182 , 296 ; B. 18 , X099 ; 
Schwarx, B. 13 , 771 ; Ludwig, B. 13 , 883 ; H. Schiff, B. IS, 885 ; Staedel, B. 13 , 
2243 ; Groves, B. 18 , 1341 ; B. 17 , 1348).* The potassium hydroxide in 

the graduated vessel absorbs al> the disengag^ carbon dioxide, and only pore 
nitrogen remains. 



DETERMINATION OF NITROGEN 7 

Given the volufne Vj of the gas, the baromcwc pressure p and th# vapour- 
pressure s of the potassium hydroxide (Wullner A. 103 , 529; 110 , 564) at 
the temperature i of the surrounding air, the volume at o® and 760 mm. may be 
easily deduced: 

V - _ 

• ® 760 (i-i-o*o<53665/) 

• 

Multiply Vq by o'ooi2507, the weight of i c.c. of nitrogen at o® and 760 mm., and 
the product will represent the weight in grams of |;he observed volume of nitrogen; 

G =-2— T-^r — X 0’00i2507 
760 (1 + 1*003605 <) ^ ' 

from which the percentage of nitrogen in ,thc substance analysed can easily be 
calculated. / * n •. 

Instead of reducing the observed gas volume V, from'thc observea barometric 
pressure and the temperature at the time of the experimAi.t, to the normal pressure 
of 760 mm. and the temperature of 0° (“ N.T.P*'*), the reduction may be more 
readily effected by comparing the Observed vqjumoi of gas or vapour with the 
expansion of a.'nprmal gas-volume (100) measured at 7O0 mm. and o®. For this 

purpose the equation Vo=V.^^ is employed, in which v represents the changed 

normal volume (100). Tlie gas-volumomcter recommended by Kreusler (B, 17 , 
30) and Winkler (B. 18 . 2534), or the Lunge nitrometer (B. 18 . 2030; 23 , 44 ° I 
24 . T656, 349T \ J, A. Muller, 13 . 26 , R. 388) will answer very well for this purpose. 
Or tlic nitrogen may be collected in a gas%aroscope, and its weight calculated from 
tlie pressure ol a known constant volxmc of nitrogen ( 13 . 27 , 2263). • 

Frankland and Armstrong conduct the combiislion in a vacuum,^nd«didt)efise 
wth the layer of metallic copper in tlie anterior portion of the tube. If £<iy nitric 
oxide is formed it is collected together with the nitrogen, and is subsequently 
removed by absorption fB. 22, 3065). 

Consult Hcmpcl (Z? anal. Ch. 17 , 409); F. Pfluger {ibid., 18 , 296); and 
Jannasch osid P. Meyer {A., 233 , 375), for methods ^y which carbon, hydrogen, 
and nitrogen are determined simultaneously. 

Sec^ehrenbeck (B. 22 , 1694) when nitrogen and hydrogen are to be estimated 
simultaneously, in cases where the carbon was determined in the wet as by 
Messinger*s method. 

for the simultaneous determination of carbon and nitrogen, see Klingem^nn 
(A. 275. 92). 

« 2. Will afid Varrontrap's Method.—When most nitrogenous organic com¬ 

pounds (nilro-derivatives excepted) are ignited with ^kalies. all the nitrogen 
IS elimim^tcd in the form of ammonia gas. The yrcighed, finely pul\flerised sub¬ 
stance is mixed with about 10 parts soda-lime, and placed in a combustion tube 
about 30 cm. in length, which is then filled wAh soda-lime. At the open end of 
the tube therc^is conliectcd a bulb apparatus, containing dilute hydrochloric acid. 
The anterior portion of the tube in the furnace is first heated, then that containing 
the mixture. In order to carry all the ammonia into the bulb, air is passed through 
the tube, af^r the fused-up en^ has been broken, ^hc ammonium chloride in th^ 
hydrochloric acid is precipitated with platinic chlorid^ as aiflmonium-platinum 
chloride (PtCl« .2NH4CI); the precipitate is then ignfted; and the residual Ft 
weighed; i atom of Ft corresponds to 2 molecules of riH, or 2 atoms of nitrogen. 

Or, having employed a definite volume of acid in the apparatus, the Excess 
hfter the ammonia absorption may be detcrmined^olumctrically, using fluorescein 
or methyl orange as an indicator. • % • 

Generally, too little nitrogen is obtained by method, because a portion of 
the ammonia undergoes decomposition. This is*avoided by adding sugar ^ the . 
mixture of substance and socfe-limc, and by acceding heating the tube too strongly 
(Z. anal. Ch. 19 , gi). Further, the tube must be filled with soda-lime as com¬ 
pletely as possible (Z. anal. Ch. 21 , 27S). 

The method t)f Will and Varrentrap is made more widely applicable by the 
addition of reducing substances to the soda-lime. Goldberg (B. 16 , 2549) recom¬ 
mends a mixture of soda-lime (100 parts), stannoiA sulphide (100 parts), and sulphur 
(20 parts]; this he considers especially adv^tageous in estimating the nitrogen 
of nitro- and azo-compounds. For nitrates, ^nold (B. 18 , 806) employs a mixture 
of soda-lime (2 parts), sodium thiosulphate (x part)^ and sodium formate (i part). 
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3. Kjeldahl's Method.—Th^^ubstance is dissolved by hkating it with con- 
ceotrated sulphuric acid. This‘decomposes the organic matter and converts the 
nit^gen into ammonia. After the liquid has been diluted with water and cooled, 
and a small quantity of potassium permanganate has been added, the ammonia 
is expelled from it by boiling with sodium hydroxide (Z. anal. Ch. 22 , 366). This 
method is well adapted for the determination of the nitrogen of plains and ^imal 
substances (compare urea). When the nitrogen in nitro* and cyanogen compounds 
is to be estimated, sugar must b^. added ; and in the case of nitrates, benzoic acid. 
The addition of mercury or mercuric oxide is highly advantageous ( 13 . 18 , R. 
I99> 297: 29 , R. 146). I^yridine and quinoline cannot be analysed by this* 
method (B. 19 , 367, 368). 

The Kjeldahl method for the determination of nitrogen has rapidly come into 
favour on account of h;he simplicity oi the operation and of the apparatus, and of 
thSp possibility to carry out a number of determinations simultaneously. A large 
number of modificationrfwf the method have been* proposed to render it generadly 
applicable (B. 27 , 1633,^28, R. g^7 ; C. 1898, 2 , 312). 

Note. —The nitrogen of nitro- and nitroso-compounds can be determined 
indirectly with a standardized solution of stannous chloride. I'lie latter converts 
the groups NO, and NO into the amide group, and is itself coAverted into an 
equivalent quantity of stannic chloride. This can be determined by titrating 
the excess of stannous salt with an iodine solution {Limpricht, B. 11 , 40). 


. DETERMINATION OF THIC HALOGENS, SULPHUR, AND 

^ , PHOSPHORUS , ’ 

Qualitative Analysis : Substances containing chlorine, bromine and 
iodine burn with a flame having a green-tinged bc^rder. The following 
reaction is exceedingly delicate. A little ciipiic oxide ic first ignited 
on a platinum wire, then some of the substance to be examined is 
placed upon it, and the whole is heated in the non-luminous ga^ flame, 
which ris coloured an intense gvcenish-blue if a hi?iogcn is present. 
A more definite test is to ignite the substance in a test tube with burnt 
lime (free from halogens), dissolve the mass in nitric acid, and.,then 
to add silver nitrate^to the filtered solution. 

The j;^resence of sulphur can f;cquentiy be detected by fusing th^ 
substance with potassiuili hy(^!-o>ride ; potassium sulphide- results, 
which produces a black staki of silvc/ sulphide on a clean piece of 
silver ; or by heating the substance with metallic sodium and testing 
the aqueous filtrate for sodium sulphide witli sodium nitroprusside: 

present, a purple-violet coloration is produced. Wlien,testing for 
sulphur and p}R)spp.crus, the substance is dxidized with a'Wxture of 
potassium nitrate anS poti^sium carbonate; the resulting sulphuric 
and phosphoric acids are sought for by the usual methods. 

Quantitative Analysis: A glass tube, closed at one end, and about 

33 cm. in length, containing a mixture 01 the substance wilh chlorinc-frce lime, is 
heated. After cooling, its contones are d'scclved in dilute nitric acid, the solution 
is filtered and silver litrate is to precipitate|the bslogen. 

The decempesit/on is cacior il irctc^d cf lime a mixture of lime with \ part 
sodium caibonate, or x part sod; cm c&rbonatf with 2 parts potassium nitrate is 
employed ; and in the case of subct^'-cc'^s volatiMs.'ng with difi^ulty, a platinum 
or porcelain ciucible, heated a ges lamp, can be used {Volhatd, A. 190 i 40; 
Scheff, A. 195 , 393 )< With ccippounds cm'air^rg. iodine, iodic acid may form, 
which, after solution of the mass, may be reduce^ by, sulphurous acid. The 
volu/netric method of Volhard (iL 190 , i) for estimating halogens; employing 
ammonium thiocyanate as indicati^, is strongly to be recommended in p)uce of 
the customary gravimetric method. 
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The same decomposition can also be effected ignition with iron, ferric oxide, 
and sodium carbonate {E, Kopp, B. 10 , 290), 

The substances containing the halogens may also be burned in oxygen. *'Xhe 
gases are conducted over platinized quartz sand, and the products collected in 
suitable solutions {Zulkowsky, B. 648). 

The substances may be burned m a current of oxygen, and the products con¬ 
ducted through a layer of purc'granular lime (or soda-lime) raised to a red heat. 
Later, the lime is dissolved in dilute nitric aci<]^ and the halogens, the sidphunc 
acid and the phosphoric acid may then be estimated. Arsenic may be determined 
similarly (Br'ugelmann, Z. anal. Ch«, 16 , 1 ; 16 , 1). Saner recommends collecting 
the sulphur dioxide, formed in the combustion of the substance, in hydrochloric 
acid containing bromine (ibid, 12,178). See also the simultaneous estimation of 
halogens and sulphur in the presence of t:arbon and hydrogen, by Dennstedt*s 
method (p. 4). * ' ^ 

To determine sulphur and*thc halogens by the method suggested hy Klasan 
(B. 19 , 1910), the subst?.nce is oxidized in a current of oxygen charged with 
nitrous vapours, and the products of combustion ^re conducted over rolls of 
platinum foil. , Consult Poleck (Z. anal. Ch. 2 ?, X71) for the estimation of the 
sulphur contained in coal gas. 


A method of frequent use for the determination of the halogens, 
sulphur, and phosphorus in organic bodies is that of Carius (Z. anal. 
Ch, 1 , 240; 4 , 451; 10 , 103); Linnemann {ibid, 11, 325); Ohernleyer 
(B. 20 , 2928). * , 

The substance, weighed out ill a small glass tube, is heated together 
with Concentrated nitric .acid and silver nitrate to I50“3?)0®'C. in a 
sealed tube, and the quantity of the resulting silver haloid (B. 28 > R. 
478, 864), sulphurip acid, and phosphoric acid determined. The 
furnace of B^bo (B. 13 , 1219) is especially ^adapted for healing the 
tubes. The results by this method are not always reliable (A. 223 ,184). 

The following method is more generally applicable for the estima¬ 
tion of sulphur and the halogens ; the substance is carefully heated in 
Of nickel crucible with a mixture of sodium and potassium carbonates 
and .sodium peroxide. After having been melted, the product of^^re- 
/iction is di^jolved in water and acidified with hydrochloric acid con¬ 
taining bromine ; the sulphur is then precipitated as bariuni sulphate 
(B. 28 , 427 ; C. 1904, 2, 1622, etc.). ^ * 

In many instances, the halogens may-be separated by the action of 
sodium amalyam on the aqueous solution of the substance, or by that 
of sodium on the alcoholic solution. The quantity of the resulting 


salt is determined in the filtered liquid {Kekule, A. Suppl. 1 , 340^ 
comp. C. 3^05. u 1273 : B. 39 , 4056). „ > *■ 

Sulphur and phosphorus can often be estiippted oy the wet method. 
The oxidation is effected by means of potassium permanganate and 
gilkali hydroxide, or with potassium bichr(jmate and hydrochloric acid 
{Messinger, B. 21,2914). * * ' 


DETERMINATION •OF THE MOlECULAR FORMULA * 

Tlie results of elementary analysis are expressed as the percentage 
composition oAhe substance thus examined ; then follows the deter¬ 
mination of the molecular formula, r 

We arrive at the simplest ratio in tl^e number of elementary atoms 

* Die Beetimmuug dea Moleculargewichts ia theoretischer und practischer 
Beziehong, von K. WindUch, 1892, ' 
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contained in a compound, w dividing the percentage Slumbers by the 
res^ctive atomic weights oi the elements. 


Thus, the analysis of lactic acid gave the following percentage composition• 


Carbon.# 40*0 per cent. 

Hydrogen.6*6 „ # 

Oxygen .53 '4 .. (by difference) 


lOO’O 


Dividing these numbers by the corresponding^weights (C = 12. H 
the lollo'wing quotients are obtained :— 


= 1, 0 = 16) 


40-0 

12 


3*3 


6-6 


= 6-6 


5314 

•16 


3*3 


TWerefore, the ratio of tj^ number of atoms of C, H, and O, in lactic acid, is as 
3‘3 : 6’6 : 3*3, or i : 2 : i. The simplest atomic formula, then, would be CHjO ; 
however, it remains undetermined what multiple, if any, of this formula expresses 
the true composition. The towest formula of a compound, by which is expressed 
the ratio of the atoms of other elements to those of the carbon atoms, is an 
empirical formula. Indeed, we arc acquainted with different substances having 
the empirical formula CHjO, for example, formaldehyde, CH,0; acetic acid, 
C1H4O1; lactic acid, C3H4O3; dextrose, CgHigOe, etc. 


With compounds of complicated structure, the derivation of the 
.simplest formula is, indeed, unreliable, because various formulae may 
h 9 deduced from the percentage nuidbers on account of the possible 
errors ©f observation. The true moleculai; formula, thereforfe, can 
only be ascertained by some other means. Three courses of procedure 
are open to us. First, the study of the chemicqj reactions, and the 
derivatives of the substance under consideration ; second, the deter¬ 
mination of the vapour density of volatile substances ; and third, the 
examination of certain properties of the solutions of soluble substances. 

f 


Determination of the Molecular Weight by the Chemical Method 

This is applicable to all substances, but does not invariably lead to 
definite conclusions.* It consists in preparing derivatives, analysing 
them and comparing thein. formulae with the supposed formuja of thd 
original compound. The prpblfem becomes simpler when the sub¬ 
stance is either a base or an acid. Then it is only ncicessa^y to prepare 
a salt, determine the quantity of metal combined with the acid, or of 
the mineral acid in uniqn with the base, and from this to calculate 

Vhe equivalent fprmula. A few examples \wll serve to illustrate this. 

« ^ • 

The silver salt of lactic a(nd may be prepared (the silver salts are easily obtained 
pure,, and generally crystallize without water) and the quantity of silver in it 
determined ; 54*8 per cent, of silver will be found. As the atomic weight of 
silver = 107*7, the amount of ^le other constituent combined with one atom of 
Ag in silver lactate, may be caldulaled fr6m the propoition— 

54*8 : ^loo — 54*8) :: 107*7 : x 
c * = 890. 

Granting that lactic acid is mononasic, that in the silver salt one atom of hydrogen 
' is replaced by silver, it follows that the molecular weight of the free (lactic) acid 
must 89 + X «= 90. Consequently the simplest empiric formula of the acid, 
CH3O » 30, must be tripled. Hence, the molecular zormula of the free acid is 
C,H,0, - 90: C, ..36 . , . 40 0 

H,=s 6 . , , 6*7 • 

08=4^ • • • 53*3 


I 


e 


90 


100*0 
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In studying if base, the platinum double s^t is usually prepared. The con* 
stitution of these double salts is analogous to that of ammonium-platinum chloride 
—PtCl4. sCNHfHCl)—the ammonia being replaced by the base. The quantity of 
platinum in the double salt is determined by ignition, and calculating the quantity' 
of the constituent combined with (^e atom of Ft (193*2 parts). Fropi the number 
found, six gtoms of chlorine and two atoms of hydrogen are subtracted, and the 
result is then divided by two t the final figure will be the equivalent or molecular 
weight of the base. ^ 

Or, the substance is subjected to reactions of various kinds, e.g. the substitu* 
tion of its hydrogen by chlorine. eXhe simplest formula of acetic acid, as described 
above, is CHtO. By substitution three acids can be obtained from acetic acid. 
These, upon treatment with nascent hydrogen, revert to the^original acetic acid. 
They are— * , • e 

‘C^HjClOg—Monochloracetic Acid, 

CjHjOljOj—Dichloracctic Acid,*and 
CjHCljOj—Trichloracetic Acid. , 

Consequently, there must be three rcplaoeable* hydrogen atoms in the acid. 
This would l^ad us to the formula C8H4O2 for it. (Comp, also Ladenburg: Die 
Theorie der aromatischen Verbindungen (1876), p. xo.) 


Knowing the molecular value of an analysed compound, it will 
often be necessary to multiply its empirical formula to obtain one which 
will express the number of atoms contained in the molecule. This 
will be the empirical molecular^formula. 

% 

(2) Determination of the Molecular Weight from the Vapour 

^ Density 

This method is limited to those substances which can be volatilized 
without undergoing decomposition. It is based upon the law of 
Avogadro, according to which equal volumes of all gases and vapours at 
like temperature and like pressure contain an equal number of molecules. 
TJie molecular weights are, therefore, the same as the specific gra'^ties. 
As* the specific gravity is compared with H = i, and the molecular 
weights wfth H2 = 2, we ascertain the moleculai;weights by multiplying 
the specific gravity by 2. Should the specific gravity Jje referred 
to air = I, then the molecular wcigjit is Squal to the specific gravity 
multiplied by 28'86 (since air is 14’43 times heavier than hydrogen). 


Air . 
Hydrogen 
O^^gen 
Water . 
Methane 


Molecular Weight. Specific Gra%'1ty. 


. — —* 14*43 I 

.Ha =2 • I 0*0693 

, ©2 — 31*74^ 15*87 l'lo6o 

. HjO = 17*87 ^ 8*93 0*622 

. CH4 ^ X5*97 ^ T*98 0*553 


Experience has shown that the results aiTived at by the chemical 
method and those obtained fFom •the* vapour density—are almost 
always identical. If a deviation should*occur, it is invariably in con¬ 
sequence of the substq^ice undergoir^g ^decomposition, or dissoeiation; 
in its conversion into vapour. 

Two essentially different methods are employed in determining the 
vapour density. According to one, by weighing a vessel of known 
capacity filled with vapour, the weight,of the latter is ascertained— 
method of Dumas and^f Bunsen; in accordance with the other, a weighed 
quantity of substance is vaporized 4 &nd the volume of the resulting 
vapour determined. In the latter case the Y^pour volume maybedirectly 
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measureif—methods of Cay-L^^ssac and A, W. Hofmann^: or it may be 
calcT^lated from the equivalent quantity of a liquid expelled by the 
vapour —displacement methods. The first three methods, of which a 
fuller description may be found in mo^'e extended text-books,* are 
seldom employed at present in laboratories, because the method of 
V. Meyer, which is characterised by simplicity in execution, affords 
sufficiently accurate results foi. all ordinary purposes. 


Kethod of Victor Meyer.—Detenniuation of vapour density by displacement of ait 
(B. 11,1867, 2253). *’'A weighed quantity of substance is vaporised in an enclosed 
space, and the volume ct air which it displaces is measured. Fig. 3 represent^ the 
apparatus conLtructed for this purpose. It consists of a naf row glass tube, ending 
in a Cylindrical vessel, A . Xhe upper, somewhat enlarged opening, B, is closed with 
an india-rubber stopper. . A short capillary side tube, C, conducts the displaced 
air into the water-bath, t>. The ^substance is jvcighed out in a small glass tube 

provided with a stopper, and is vaporis^ed in A, the 
escaping air being collected in the eudiometer, E, Ihe 
vapour-bath, used in heating A, consists of a wide 
glass cylinder, F (B. 19 , 1862).f whose lower, some¬ 
what enlarged end, is closed and hlled with a liquid 
of known boiling point. The liquid employed is 
determined by the substance under examination ; its 
boiling point must be above that of the .latter, 
Tome of the liquids in use are water (xoo®), xylene 
(about 140®), aniline (1S4®), ethyl benzoate (213®), 
amyl benzoate (261®), and 'diphenylaminc (310®). 

The vapour density, S, equals the weight of the 
vapour, P (the same, naturally, ^as the weight of the 
substance employed), divided by the weight of an 
equal volume of air, P'— 

p' •• 

I c.c. of air at o® and 760 mm. pressure weighs 
0*001293 gram. The air volume Vf, found at the 
observed temperature is under the pressure in 

which p indicates the barometric pressure and s the 
tension of the aqueous vapour at temperature f. The 
weight then would be— 



o 001293. V,. 


I ' 

I -f- 0*00367# ’ 7'>o ' 


Consequently the vapour density sought is— 


S = 


P(i -|-4O*0O367/)76 o 
0*001293. Ve(^—s) 


Fig. 3. 


The displaced air may be collected in the gas^baroscope 
(compare p, 7). (B. 27 , 2267.) 

. V. Ateyer*s method yields results that are sufficien tly 
accurate in f>racttce, because in deducing the molecular 
weight from the vapour density^^^ relatively large numbers are considered and 
•the little differences do'Kot come mto consideration. A greater inaccuracy 
may arise in the method of intit»(Aicing the subsnuxees into the apparatus 
because air is apt to ^enter the vessel. L, Meyer (B. 18 , 99 i)» Piccard (B. 18 , 
1080), MaMmann (B. 18 , - 1624), and V. Meyer and BilUt (B, 21 , 688) have 
suggested various devices to avoid this source of error. To test the liability to 
decomposition of the substance at the temperature of the, experiment, a small 

* Consult Handworterbuch der Gtemie, Ladenburg, Bd. 8, 244. 

' ^ ft is simpler to make the redu<^iQn to 760 mm. o® by comparison with a 
ttbrinal volume (p. 7). i 
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O * 

portion of it may be heated in a glass bulb dsiwn out to a long point (B. 14, 

X466). 

Substances boiling above 300* are heated in a lead-bath (B. 11 , 2255). S’otce- 
lain vessels are used when the temperature required is so high as to melt glass, 
and the heating is then carried ou«>in a Perrot's gas oven (B. 12 , zxra). Where air 
aSects the Substances in vapour form, the apparatus is filled with pure nitrogen 
(B. 18 , 2809; 21 , 688). If the substances under investigation attack porcelain, 
tubes of platinum are substituted for the laf^er, which are enclosed in glazed 
porcelain tubes, and then heated in fumacesr (B. 12 , 2204 ; Z. phys. Ch. 1 , 146; 
B. 21 , 688). This form* of apparatus allows of the simultaneous determination 
of temperature (B. 15 . 141 ; Z. phys. Ch. 1 ,153). ^ 

For modifications in displacement methods of determining the density of gases, 
consult K. Meyer (B. 16 , 137, ii6i, 277if; Langer and Ff Mtfysr, l^rotechnjsche 
UntersuchuDgen, 1885; Crafis (B. 18 , 851; 14 , 356 J 16 , 457). For air-baths 
and regulators see X.. (B. 16,1087 ; 17,478). 

Modifications of the dispiacemont mcthoci,4adapted for work under reduced 
pressure, have been proposed by i,a Cos/5 (B», 18 , 0122), Schall (B. 22 , 140, with 
bibliography; 27 , R. 604), Eyckmann (B. 22 . 2754), V, Merer and Demuth 
(B. 23 , 311); Richards (B. 23 , 919, note), Neuberg (B. 24 , 729, 254^). 

For further methods see Nilson and PeUersson (B. 17 , 987; 19 , R. 88; J. 
pr. Ch. 33 ,1); BilU (B. 21 ,2767). 


(3) Determinaiion of the Molecular Weight of Substances when *• 
' Solution ' 


I. By Means of Osmotic Pressure.—According to the theory of 
solutions developed by van 7 Hoff (Z. phys. Ch. 1 , 481; 8, 198; 
B. 27 , 6),**chemical substances, when in dilute solution, behave as 
though they were in the form of a gas or vapour ; so that the laws of 
Boy/tf'and Gay-fsussac, and the hypothesis of Avogadro, apply also to 
dilute solutions. We know that the gas particles exert pressurefand it is 
also true that the particles of compounds, when dissolved, exert a pres¬ 
sure, whic^ is directly expressed or shown by osmotic phenomena, and 

• hence it is termed osmotic pressure. This pressure is equal to that 

• which would be exerted by an equal any)unt of the substance, if it 
were converted into a gas, and occupied the same volume, at the same 
temperature, as^the solution. Solutiohs containing molecular quan¬ 
tities of difterent substances exert the same osmotic pressure. It is, 
therefore, possible, as in the case of gas pressure, to deduce directly the 
molecula®. weight of the substance in solutio'n from its osmotic pressusp. 


Pfeffer has determined osmotic pressure by mpans of artificial cells hav^ 
semi-permeable walls. < If suitably modified, tlift method promises to be of wide 
applicability (Ladenburg, B. 22 , 1225). . 

The plasmolyiic method of de Vrtes for the determination of osmotic messnret 
is based upon the use of living plant-cells, % pta^of which Hamburger employed 
red blood corpuscles (Z. physik. Ch. 2 , 415; 1*424).' 

The molecular weight ^roost simply calculated by the general formsdi^' for*> 
gases: ev as RT, in which It represents a cotfetant,*and T the absolute tempera* 
*ture. calculated from — 273*. If this equation is eilsq to include the hyppUiesis 
of Avogadro (that the molecular weights of gases or. dissolved substances oc^py 
the same volume at like temperature and pressure), thep molecular qtut&ti^s 
of the substances mus); always be taken info cqpsideration. The cdnstafit'iquals 
84000 for gram-molecular weights (2 grams hydrogen, or 31*74 grains oxygen) 
-:-:--_s--- 

* <ee Ostwald's Grundriss der allgemeinen Chemie, 2. Aufl* 1890;' I 
Meyer-Rimbach Grundxiigu der the<^eti8chen C^mie, 4. Aufl. 1907/ " , 
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at the temperature o® (or 273®),Vend the pressure (gas or osmbtic pressure) of 
76 cml of mercury. 

• p . V = 84000. T.* 

where v represents the volume corresponding to the gram-molecular weight 
M 

(t/ = — , in which a is the weight in grams of 1 c.c. oi the gas, or dissolved .sub¬ 
stance, contained in i c.c. of the solution). After substitution the formula reads: 

M 

i 3'59 X = 84000 /273 + /), 

(* 

with the four variaBles p, M, a and t. If three of these be given the fourth 
can be calculated. Cqpsecjucnlly, the*molecular weight M*is found from the 


formula— 


M^ ±i) ^ ?L.- (173 + 0 , 

p • ^3*59 p 


2. From the Lowering of the Vapour Pressure or the Raising of the Bolling 
Point. —The lowering of the vapour pressure of solutions is closely connected 
with osmotic pressure. Solutions at the same temperature have a lower 
vapour pressure (/') than the pure solvent (/), and consequently boil at a 
higher temperature than the latter. Tlie lowering in pressure (/—/') is in pro¬ 
portion to the quantity of the substance dissolved (Wulhur), according to the 

f—f 

equation =k g, in "which k represents the “relative lowering of the vapour 

prcsSuiU jfc'J cent, solutions, and g their percentage content. , 

If the lowering be referred not to equal quantities,'"but to molecular quantities 
of the substances dissolved, it is found that cqui-molccular solutions (those con¬ 
taining molecular quantities of the dillerent substances equal amounts in 
the same solvent) show equal flowering—the molecular vapour pressure lowering 
is constant:— 

mJ-/'=c. 

Again, on comparing the relative lowering of vapour pressure in different 
solvents, it will be found also that they are equal, if equal amounts of the suj)- 
stances arc dissolved in molecular quantities of the solvent. In its broadest 
sense the law would read: The lowering of vapour-pressure is to •the vapour- 
pressure of the solvent (ff as the number of molecules of the dissolved body (w) 
» to the toWl number of molccujcs (n + N) :— 

f-r* _!L_ 

Substituting ^ and {g and G represent the weight quantities of the sub¬ 
stance and the solvent; m and<M are their molecular weights), for n and N, the 
molecular weights, ^an readily be calculated. e 4 

c F. M, Raoult (1087^ discovered these relationships and put them forward 
as being empirical. Soon aff;er ian '/ Hoff (Z. phys. Ch. 3 , 115) deduced them 
theoretically from the osmotic pressure. They are only of value for substances 
non-volatile as compared with the solvent, or for such as volatilize with difficulty, 
and show the same abnormalities as^are observed with osmotic pressure and 
depression in the freezing point. 

The methods for the determination of vapour pressure are yet too little known 
'and piimitive in their nature to be^ applied in the^ractic^ determination of 
molecular weights (B. 22 » 1084; i. phys. Ch. 4 , 538). Far more simple and 
exact is the determination of the rise in the boiling point, which corresponds with 
this [Beckmann, Z. phys. Ch. 4 , 539; 437; Z, 223; 16 , 656; B. 27 , R. 727; 

28 , R. 


0 ^ 


. 4 

> R « p « 1033 === 76 X 13*59 (sp. gr. of mercary); 
^430 (wt of X c.c. of oxygen). It i£ 33_><?^£96 


p M 22196 « 31*74 


273 
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Method of BeUtmann.—A tube. .4 (Fig. is employed as the boiling 
vessel, and is provided with two side tubes and The substance under 
cxaminatwn is introduced through ; a condenser, N, is attached to afld a 
calcium chloride tube may be inserted at M, Garnets or fragments of platinum 
are introduced into the ^ 

main .tube, tellowed by 
the solvent, and finally 
the opening is closed 
by a differential ther¬ 
mometer {Beckmann, 

Z. physik. Ch. 61 , 329), 
of which the bulb must 
be completely covered . 
by the liquid. Theboil-"^ 
ing tube is surrounded 
with anair-bath consist¬ 
ing of a mica cylinder, 
g, and two glass-wool 
plugs, A^and A,.* When 
dealing with liquids of 
high boiling point the 
air-bath may be re¬ 
placed by a vapour- 
bath made of glass or 
porcelain, which is 
charge^ with the same 
liquid as that which is • ^ " 

employed as the solvent; oCherwise the boiling tube may be heated directly on 
an asbestos netting, LD, over a micro-burner. The boiling point of the pure 
solvent is first read, asid then again after a known quantity of the solute has 
been introduce^ down the tube t, A rise of tcinpei^turc is observed, and should 
be taken after each of several successive additions of weighed quantities of the 
solute. 

A modification oi the apparatus has been devised by Beckmann {Z» 
physik. Ch. 44 , 161) based on that of Sakurai and Landsberger (B. SI. 4158 ; 36 , 
1555)* 1*1 form, the temperature of the solution is raised by pa.ssing into it 

the yapour of the solvent, whereby continuous readings can be taken of*the 
boiling poiotpf the solution of a constant weight of solute in an increasing quantity 
•of solvent. S. Arthenius has deduced a formula for the^molecular rise in boiling 
•point, which is perfectly analogous to that of van 'tHofflottYie molecular depression 
• • 
of the freezing point. The molecular rise 49 expressed by <i=o*o2 . —, in which 

T represents I'he absolute boiling point, and w the heat of evaporation of the 
solvent. Upon dissolving i gram-molecule of a substance, i,e. if the molecular 
weight of the body is m, then m grams of it in 100 grams of solvent, the boiling 
point will be raised ; upon dissolving p grams <of the substance in 100 gr. of 
V m jP ^ 

solvent the rise will be rft® whence d^^d, —; from which^ 

where ^ %■ 

p — the weight (in grams) of the substanc^' dissolved in 100 grams of the 
solvent, 

in boifSng point 
observed rise in boiling point. 

The molecular rise of the boiling point in the case of ether is 21'i*, of 
chloroform 36*6®, and,of acetic acid 25*3®. ^ 

3. From the Depressioxi of the,r Freezing Point.—The mole¬ 
cular weights of dissolved substances are accurately and readily 


molecular rise in 


Pffttrpare Public I.lbr__. 
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deduced from the depression of the freezing points o*f their solutions. 
Bl 4 sden in 1788, and Rudorff in 1861, found that the depression of 
the freezing points of crystallizable solvents, or substances (as water, 
benzene, and glacial acetic acid) is proportional to the quantity of 
substance dissolved by them. The later jesearchcs of C<^pet (1871), 
and especially those of Raouli (1882), have established the fact that 
when molecular quantities of different substances are dissolved in the 
same amount of a solvent, they show-the same depression in their* 
freezing points of Raoult), If t represents the depression pro¬ 
duced by p grams pf a substance dissolved in 100 grams of the solvent, 

tfce coefficient of depression — will be the depression for i gram of 


substance in 100 grams of the solution.* The molecular depression is 
the product obtained by multiplying the depression coefficient by 
the molecular weight of the dissolved substances. This is a constant 
for all substances having the same solvent:— 


=C. 

P 

RaouU's experiments show th'e constant to have approximately 
the following values : for benzene, 49'; for glacial acetic acid, 39 ; for 
water, 19. ‘ When the constant is known, the molecular weight i^ calcu¬ 
lated as follows:— 



A comparison of the constants found for different solvents will disclose the, 
fact that riiey bear the same ratio to each other as the molecular weights—that 
consequently the quotient obtained from the molocuJar depressions and iflolecular 
weights is a constant value of about 0-62. It m''‘.ans, expressed differently, that 
thq molecule of any one substance dis^iolved in 100 molecules of a liquid lowers 
the point of solidification very nearly • 

These empirical laws, discovered by Co/>fyet and Raoult, have bcc*i theoretically 
deduced hy Guldberg (td/o) and van 'iHoff (1886) from'the diminution of vapour 
pressure and of osmotic pressure. The constant C is obtained for the various 

solvents, from the formula 0*02 —, Vhere T indicates the absolute temperature 


of solidification of the solvent, and w is its latent heat of *fusion. In this way 
van Hoff calculated the' constants for benzene (53), acetic acid (38*8), and water 
i 8'9 (sec above). 


The laws jiiSt iesc^bed can only be employed in their simple form 
in the case of indifferent or'^but slightly chemically active substances. 

Salts, strong acids, and bases (all electrolytes) behave unexpectedly 
in that the depressions of freezing point, the change in osmotic pressure, 
and the lowering of vapouf pifessuft as found experimentally are all 
greater than their calculated values; the electrolytic dissociation 
theoVy of Arrhenius (Z. phy% Ch. 1, 577, 63*: 2 , 491; B. 27 , R. 542) 
accounts for this by the assumption tfiat the electrolytes have separated 
into their^ free ions. However, even tfi'e indifferent bodies exhibit 
many: abnormalities—^generally the very opposite of the ordina^. 
'Hjese seem to be due to the fact that the substances held in solution 
].Bad not completely broken u^ into their individual molecules. The 

* Arrhenius (Z. phys. Chu 2 , 493) expresses the content of solutions by 
weight in graiQs ol the substa|ices contai^pd in 100 c.c. of the solution. 
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most accturate results are obtained by operating with very dilute 
solutions, and by emplojdng glacial acetic acid as solvent. This dis- 
sociates solids most readily. . 

• J- 

Various foiins of apparatus suitable for the above purpose, T] 

and mefhods of working have been proposed by Auwers (B. 21 , n 

711), Holletnan (B. 21 ,860), Hentschel (Z. phys, Ch| 2 , 307), Beck- II 

mann (Z. phys. Ch. 2 , 638), Eykmann (Z. phys. Ch. 2 ,964), Klobu- In 

(Z. phys. Ch. 4, 10), and Bawmanir and Fromm (B. 24 , 1431). • -jl 

Method of Beclnnann.—A thick walled test tube, 2-3 cm. in | * 

diameter, to which a side tube has been fused (Fig. 5), is partially i n 

filled with 10-15 gm. bf solvent, weighed t(f the nearest graltn. cj 

A platinum stirrer is inserted, which terminates at its upper • W 
end in a platinized or enamelled iron ring. The freezing tube t 
is then closed with a stopper carrying a Beckmann thermometer 
(p, 15). Above the iron ring of the stirrer is*fixe^ a small f 

electromagnet, which is energized by the accufhulators A at 1 

periods determined W 

by the metronome ^ 11 L/ 

M, The stirrer is X d 0 0 0 0 ^ ^ 

thus kept continu- j 

ously in motion, '^^1® 

whilst the injurious f 
effect of the atmo< 

spheric moisture is J 1 ^ ^ 

avoided. *The lower ^ A 

part of the freezing ^ ,s L \\ ^jTH | // 

tube is fixed by S ^ ^ 

means of a cork • \ C / i r 

inside a wider tpbe A 5 / I ll ffwjl 1 \ 

in order to prevent V ^ ^ o ^ \ 

a too rapid fall of 01 j 

temperature when ^ 

the apparatus is ! -^ ) =. 

plungeci into a ' M 

beakef containing a ■ • 

freezing' mixture. Fig. 5. 

When the solvent 


(iIiJML 




•„ G 


Fig. 5. 


chosen is acetic acid (solidifying about t 6^) cold water may be employed; for 
benzene (solidifying about 5®), icc-watcr is suitablA The freezing * 

point of the solvent is then determined, by dboling it to 1-2® below 
its solidifying pojnt and then starting crystallization by stirring, or 
by the introduction of scraps of platinum foil or by “ inoculation ” 
with a crystal of the substance forming the solute. The thermometer 
then suddenly rises a little, and the freezing point is taken to be tliat 
at which the anercury remains constant for a little while. Aiter 
allowing the mass to thaw, a carefully weight quantity «f txJt solid 
to be examined is introduced down the side tube, and allowed to 
dissolve. The freezing point of the solution is then determined in 
a similar manner to that just described (B. 28 , R. 412 ; C. 1910, 

I. 241; II. 361; Z. phys. Ch. 40 , 192 ; A 4 ,149). *' 

Eykmann's Method (A. 27 . 3 , 98) requires phenol as the solvent 
(melting about 38®), whereby considerable simplification is possible. 

Its molecular depression is greater than that to^ benzene, and has 
been calculated theoretically as being 76 (p. 16). Fig. 6 represents 
the form of apparatus, which consists of a ffask with two tubulures, 
in one of which a thermometer is fixed, and over the other is placed 
a ground-glass cap. 

The investigations of Baierno and others show, (lontrary to earlier Fig. O. 
observations, that when benzene is employed as the solvent the 
carbon derivatives mostly yield norm^ results; the exceptions being the 
alcohols, phenols, acids, oximes, and pyrrole (B. 22 ,1430 and Z. phys. Ch. 6, 94 ; 
B. 27 , R. 845; 28 , R. 974). 

TOL. 1. • 
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Naphthalene may also be used for determinations of this kind ; van “t Hoff 
gives' its depression constant as being about 70 (B. 250X ; 23 , R. 1; 24 , 

1431)- 

Consult B. 28 , 804 for a method of determining molecular weights from the 
decrease in solubility. ^ 

For the determination of molecular weight from molecular solutHtn-volume, see 
B. 29 ,1023. 

THE CHEMrCAL CONSTITUTION OK THE CARBON COMPOUNDS * 

^ • 

Early Theories. —^JThe opinion that the cause of chemical affinity resided in elec- 
t^cal force^ was first expressed in the*commencement of,the last century, when the 
remarkable decompositions of chemical bodies through the agency of the electric 
current were discovered! It was assumed that the elementary atoms possessed 
different electrical polarities, and that the elements were arranged in a series accord¬ 
ing to their electrical behaviour. Chemical union depended on the cqualiration of 
different electricities. The dualisiic idea of the constitution of, compounds was 
a necessary consequence of this hypothesis. According to ft, every chemical 
compound was composed of two groups, electrically different, and these were 
further made up of two different groups or elements. Thus, salts were viewed 
as combinations of electro-positive bases (metrllic oxides), with electro-negative 
acids (acid anhydrides), and these, in turn, were held to be binary compounds of 
oxygen with metals and non-metals. With this as basis there was constructed 
the electro-chemical, dttalistic theory of Berzelius, which almost exclusively domi¬ 
nated chemjcal science in Germany until the beginning of i860. 

The principles predominating in inorganic chemistry were also applied ^o 
organic substances. It was thought that in the latter complex groups (radicals) 
played the .same role as that of the elements in inorganic chemistry. Organic 
chemistry was defined as the chemistry of the compound radicals (Liebig, 1832), 
and led to the chemical-radical theory, which flourished in Germany simultaneously 
with the electro-chemical theory. According to this view, the object of organic 
chemistry was the investigation and isolation of radicals, in the sense of the 
dualistic idea, as the more intimate components of the organic compot^nds, and 
by this means they sought to explain the constitution of the latter. (Liebig 
and Wohler, Ueber das Radical der Benzoesiiure, A. 3 , 249 ; Bunsen, Ueber die 
Kakodylverbindungcn, A. 31 , 175 ; 37 , r ; 42 , 14 ; 46 , i.) . '' 

In the meantime, about 1830, France contributed facts not iv harmony with 
the electro-chemical, dualistic theory. It had been found that the hydrogen in 
organic \tompounds could replaced (substituted) by chlorine and bromine, 
without any important change in th^ character of the compounds. To^the electro¬ 
negative halogens was ascribed a chemical function similar to'electro-positive 
hydrogen. This showed the electro-chemical hypothesis tq be erroneous. 
The dualistic idea was superseded by a unitary theory. Laying aside all the 
primitive speculations on the nature of chemical affinity, the chemical compounds 
began to be looked upon being constituted in accordance with definite funda¬ 
mental forms-H'yptff—in which the individual’elements could be replaced by 
others (early type tfieor^ of Diimas, nucleus theory of Laurent). Dumas, however, 
distinguished between cHemical types and mechanical types. He considered 
substances to have the same chemical type, to be of the same species, when they 
possessed the same fundamcmtal properties, e.g. acetic and chloracetic acids. 
Like Regnault, he considered trat tZ.ey w jre of the same Tnechanical type, belonged 
to the same natural family, when they were related in structure but showed 
a different chemical character,alcohol and acetic acid. At the same time, the 
dualistic view on the prc-existerci of radicals wasCefuted. 

The correct establishment of the ideas of equivalent, atom, and molecule (Laurent 
and Gerhardt) was an important consequence of the typical unitary idea of 
chemical compounds. By means of it a correct foundation was laid for further 
geneialization. The molecule having been accepted as a chemical unit, the 
study of the grouping of atoms in the molecule became possible, and chemical 
constitution could again be more closely examined. The investigation of the 
reactions of double decomposition, whereby single atomic groups (radicals or' 
residues) were preserved and could be exchanged (Gerhardt) ; the important 
discoveries of the amines or Substituted ammonias by Wurtz (1849), and Hofmann 

^ A k 
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(1849): the epoch-making researches of Williamson and Chancel (1850), upon 
the composition of ethers; and the discovery of acid-forming oxides by Gerhardt 
(1851),—^led to a “ type " explanation of the individual classes of compounds. 
Williamson referred the alcohols and ethers to the water type. A. W. Hofmann 
deduced the substituted ammonias*from ammonia. The " type " idea found 
its culminatidh in the type theory of Gerhardt (1853), which was nothing more than 
an amalgamation of the early type or substitution theory of Dumas and Laurent 
with the radical theory of Berzelius and Liebig. ^ The molecule was its basis, in 
^which a further grouping of atoms was assunled. Tlie conception of radicals 
became different; they were no lAiger regarded as atomic groups that could 
be isolated and compared with elements, but as molecular residues which remained 
unaltered in certain ructions. , ^ 

Comparing the carbon compounds with the simplest inorganic derivativQ^. 
Gerhardt referred them to the following principal fundamental forms or 
types .^ *’ 


ill 

Hydroges. 


Cl 

H 


) 


Hydrogen 

Cblohde. 


Water. 


H, 

h1 
H] 

Ammonia. 


N 


From these they could be obtained by substituting the compound radicals 
for hydrogen atoms. All compounds that could be viewed as consisting of two 
directly combined groups were referred to the hydrogen and hydrogen chloride 
types, e.g. : • 


C.H ,1 

C.H.) 

tNl 

c,Ha 


. H/* 

Cl/ . 

H/ 

CN/ 

• Cl/ 

Elbyl 

Ethj-l 

Cyanogen 

Ethyl 

Acetyl 

Hydride. 

Chloride. 

Hydride. 

Cyanide. 

Chloride. 


It was customary to refer all those bodies derivablg from water by the replace¬ 
ment of hydrogefl, to the water type : 


Alcohol. 


C,HaO|Q_ 
Acetic Arid. 


C,HjO 

Ethyl Ether. 


C.H,OU 
C,H,0/^ . 

Acetic Anhydride. 


Associated types were included with the principal types. Thus, with the 
fundamental typo were arranged, as subordinates, the types ; with 

the water type that of etc. * 

All derivatives of ammonia were referred to*the ammonia type: 


CH,| 

HjN 

Mcthyhamlne. 


CHal 
CHa N 
CHsI 

Trimcthyl-aminc. 


C,H, 0 | 

hJn 
hJ * 

Acetamide. 


C^nic Acid. 


The types of Gerhardt were chemical types, as he hftnself expresses it: *' Mes 
types sont dcs types de double decomposition." It is thus understood that he 

included the type with that of * 4 • 

These types no longer possessed their early restricted meaning. Sometimes 
a compound was referred to different types, according to the transpositions 
the formula was intended to exfress. Thus alddhjKlc was referred to the hydrogen 
or water type; cyanic acid to the water or ammonia type: 


CN}„ CO}^ 

f 

The development of the i^ea of polyatomic radicals, the kno^vledge that the 
* hydrogen of carbon radicals could be replaced by the groups OH and NH^, etc., 
contributed to the further establishment of multiple and mixed types {Williamson* 
Odling, Kekuli ^: 
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Compound Types : 


’f 


9.g, 



C 1 H\ 

CIHJ 

Cl 

C,H/ 

Cl 

Ethylene Chloride. 


MfMed Types 

r 




Chlorhydrin. 


H.lo 

H.r» 

c 

H.) 

hJn, 

H.l 

H}0 . 

G.H/ 

h}o 

EthvleneO 

Glycol. 

CO'x 

H.P 

Carbamtda. 

• t 

% 

• ' 

hJn 



hIo 

hIo 

/ 

Oxamic /.ctd. 

Amido-acotic Acid 


The presentation of these multiple an\i mixed types depended on the polyatomic 
' radicals of two or more type-molecules, H one may so name them, becoming united 
into bn^^whple—a molecule. Upon comparing these typical with the structural 
formulae employed at present, we observe that the first constitute the transitional 
state from the empirical, unitary formulae to those of the present day. The latter 
aim to express the kind of grouping of the atoms in the molecule. 

The next step was the expansion of the Gerhardt type to the— 

Marsh-gas type ^ C by KekuU, 185O (A. 101 , 204). 

H 

,Recent Views.—A year later KekuU (1857) in a communication, "Ueber 
die sog. gepaarten Verbindungen und die Theorie dcr mehratomigen Radidhle*' 
(A. 104 ,129), indicated the idea of types by the assumption of a peculiar function 
of the atoms—their atomicity or basicity (valence). This he supposed to be the 
cause of vhe types of Gerkardt, • 

As early as 1S52 Frankland hac^ enunciated similar views in regard to the 
elements of the nitrogen group (A. 86, 329 ; 101 , 257 ; Frankland* Experimental 
Keseaches in Pure, Applied, and Physical Chemistry, London^ 1871, p. 147). 
Kolbe concurred with these ideas (compare his derivation of the organic com¬ 
pounds from the radical carbonyl C, and carbon dioxide C,04— Kolbe*s Lehrbuch 
(der organischen Chemie, 18^58, Bd. I. p. 567). The reason that they did not 
exert greater infiuence upon the development of^theoretical chemistry is mainly 
'due to the fact that*the hotion,^ of the relations of equivalent weight and atomic 
weight were not clearly defined by either of these two investigators. 

rn his a^umptions KekuU rather returned to Dumas* mechanical types than 
to the double decomposition ^^ypes of GerHardt, The distinction between the 

type and as drawn hyH}erftardt fiid not exist for KekuU, The latter, in 

185%, said, " It is necessary irf explaining the properties of chemical com|munds 
to go back to the elements whif^h/compose these compounds." He continues: 

1 do not regard it as the chief aim of our time to detect atomic groups which, 
owing to certain properties, may be consideiwd radicals and thus to include the 
compounds under certain types, which in this way have scarcely any other signi¬ 
ficance than that of type or example formula. 1 am rather of the opinion tiiat 
the generalization should be eutended to the constitution of the radicals them¬ 
selves, to the determination of the relation of the elements among themselves, 
and thus to deduce from the nature of the elements both the nature of the radicals'^ 
pud that of their compounds (A. 100 , 136). 

The recognition of ue qtthdrivalence ^f the carbon atoms and the power they ' 
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possessed of combining with each other, accounted for the existence and €ht 
combining value of radicals; also, for their constitution {KekulS, l.c., and Camper, 
A. ch. phys. [3] 68, 469), The type theory, consequently, is not, as sometimes 
declared, laid aside as erroneous; it has only found generalization and ampli¬ 
fication in a broader principle—^thl extension of the valence theoiy of Kehule 
and Couper to the derivatives of carbon. 

Whilst formerly it was the custom to considcrin addition to empirical formulae, 
representing merely an atomic composition of {ne molecule, also ration^ formulae 
(BerxeHus)t which in reality were nothing more than reaction formulae adopted 
* to explain to a certain degree the chemical behaviour of derivatives of carbon^ 
KekuU now spoke of the manner of the union of the atoms in the fnolecule, by know¬ 
ledge of which the constitution of the carbon compounds may be determined 
{constitutional formula)^* Lothar Meyer next introduced the phrai.^a ”linking of 
the carbon atoms/' The expre^on structure (structura^formula) originated wfth 
Butler ow. 

An application of the valency theory, whiclf has been remarkably fruitful, is 
the KekuU benxene theory. Here for the first time thefe was assumed to be present 
in a carbon conqyiund a closed carbon-chain, a ring ednsisting of six carbon atoms. 
The rather singular stability of the aromatic bodies is due to the presence of this 
" benzene ring." Korner applied these views to pyridine and deduced the pyridine 
ring : and in recent years numerous other ring-systems have been suggested and 
sutetantiated. 


Theory of Chemical Struotiire of Carbon ComponndB. Theo^^f 
Atomio Linking, or the Structural Theory. * ^ 

* Constitutional or structural formulae are based upon the following 
principles, wiiich have been deduced from experiment and repeatedly 
confirmed:— • • 

I, The caifbon atom is quadrivalent. The position of carbon in the 
periodic system gives expression to this fact. One carbon atom can 
combir^ at the most with four similar or dissimilar univalent atoms or 
atomic groups; 

• CH4 CF4 CCI4 

Methane. Carbon Telrafluoride. Carbon Tetrachlorida. 


CHjCl 

MethyJ^Chloaide. 


CHgNlIa CHXlj CHC^ 

Metbylaniine. Dicblorometbaiie. Chloroform. 


In a few compouiids, such as carbon monoiidc CO, the isonitriles or carbyl- 
amines R'—N =*C fA.^ 70 ,267); and fulminic acid HO—N=C (A. 280 ,303) carbon 
behaves as a bivalent element. 


2, The Jhur units of affmity of carbon are equal, Le? no differences 

can be discovered in them when they forn>copi^unds. If one of the 
four hydrogen atoms in the simplest hydrocarbon, CH4, be replaced 
by a univalent atom or univalent atomic group, each mono-substitution 
product will appear in but one» modification. The four hydrogen 
atoms are similarly combined, consequently it is immaterial which of 
them is replaced. ^ ^ ^ * 

CH,a CH.OH CH,NH. 

Chloromethano* Methyl AlcoboL Metbylamine. 

are known in but one modification each (p. 29). 

3. The carbon atoms can unite with earn other. When two carbon 
i atoms combine the unioh can occur in three ways: 

(a) The two carbon atoms unite with a single valence each, leaving 
the atomic group, sC—C=, withtsix free vajiences. 
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(6) The two carbon atoms unite with two valences each, constitu¬ 
ting an atomic group, =C=C=, with four free valences. 

(c) Two carbon atoms are united by three valences. The residual 
group—C=C—has but two uncombined valences. 

In the first case the union of the two carbon atoms is iingle, in the 
second case double, and inr the third case triple. Carbon atoms can 
combine with themselves to-a greater degree than the atoms of any 
other elements. This gives rise to carbon nuclei, and carbon skeletons,' 
which form either open or closed chains or rings. The uncombined 
valences of the Citrbon nuclei can saturate or takemp atoms of other 
elements br other atomic groups. This explain^ the existence of the 
innumerable carbon compounds. 

This mutual union is indicated, according to the recommendation 
of Coupcr, by lines. These formulae represent the internal construction 
of the compounds, and are known as structural formuteB : 


r* 


•«» 


Formaldehyde. 


Acetic Acid. 


—H 


H 

1 

H 

1 

OH 

1 

H H Ni: 

III 

1 

H_r*_H 

1 

H_C- 

1 

_r_H 

1 i 1 
H— C—-r _ c 

A A 'X A 

1 

H 

1 

H 

V-> XX 

1 

H t 

A A w Vi# 

t 1 1 

H H H 

Methane. 

as 

Ethyl Alcohol. 

Propylamine. 

H 

1 

H 

1 

OH 

1 

' H OH OH 

) 1 1 

C-O 

I 

1 1 

H—C—C =0 

1 \ ' 

"11 ” 

1 

H 

» 1 

H 


1 1 

H H‘ 


Lactic Acid. 


Such structural formulae have been deduced, by the help of th^ valency 
theory', from reactions which result in the building up and the breaking down 
of carbon compounds. They express clearly the relations between the bonds, 
which, in the main, determine the behaviour of the substance. Those atoms 
within the molecule which are bound most directly to each othpr exercise the 
greatest influence on one another. But it must not be supposed that atoms; 
unconneoted directly by bonds, exert no mutual influence; such structural 
formulae give no information of their relative distances apart in space. In the 
study of reactions where halogen atoms are substituted for hydrogen in the 
molecule, it is immediately apparent that such replacemi?nt takes place with 
varying facility. This is specially obvious in the case of the aromatic substances 
{see Volume II). Further, the carboxyl group reacts with different degrees of 
acidity varying with the, individual acid. Reactions, in which the loss of some 
atoms causes a amgle bond to become a multiplecone, or the forma^iion of a ring 
■complex, and wher^i inWa-molecular atomic migration (see p. 30) takes place, 
obviously depend on the mutual influence of atoms unconnected directly by 
bonds, as shown in the structural formuls. 

Kekul^s valency theory explains clearly the function of the main bonds in 
our structural formulae, but (!^oes not d-£d with the subsidiary action of the 
various atoms on one another in the molecule. And yet one cannot go so fax 
as to say that in each atomic *v:onstcllation which constitutes a molecule, every 
atom exerts a chemical influence, q;i every other, i^ut so much can be asserted, 
that each atom contained in the molecule of a chemical compound is bound to 
each other atom in that molecule. To illustrate such attractions diagrammati- 
cally, it would be necessary to draw a network of interatomic bonds in every 
atomic formula. The greater or lesser strength of the bond could be indicated 
by a thttker or finer line. If such a diagram were examined at a certain distance, 
only the thick lines—Bonds of the First Order—^wouljl be seen clearly, i.s. practi¬ 
cally the same in appearance as the structural formula ordinarily represented. 

In many cases it can be deduced from the behaviour of the substance that 
^ the Bonds of the Second Order exert an ^uence of negligible strength. 
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An external sigfiof the presence of such subsidiary valency—^bondsof appreci¬ 
able influence—is found in the absence of such chemical reactions as might be 
expected to take place by analogy with others. Another exists in the relative 
ease with which a group of atoms can be split off, which indicates the pre¬ 
existence in the original molecule of such a group held together by these 
second-ordei^bonds. 

Saturated and XTnsaturated Compounds .—Saturated carbon com¬ 
pounds are those in which only singly, oound carbon atoms occur. 
They cannot be united by mare valences unless the c-arbon chain is 
broken up. Unsaturated compounds are those in ^hich doubly or 
triply bound cartoon atoms exist. As a single unjen is sufficient to 
link carbon atoms together, a pair of carbon atoms with double union 
can take up two additional valence units, if one- of the double bon&s 
becomes broken, for this purpose, leaving.the other to avoid destruc¬ 
tion of the chain, e,g ,: ' . • 

H 


H—C—H H—G—H 

II + 2II = ! 

H—G—H H—G—H 

Ethylene. • | 

• H 

Ethane. 


Two carbon atoms, trebly linked, can take up four valences. The 
dissolution of the triple union may proceed step by step, whereby it 
may first be changed to a double linkage and then to a simple union : 

H 




C—H 2H H—C—H 2H 

III -> II - 

C—H H—C—H 





, The unsaturated compounds, by the breaking*down of thq^ double 
and trijde unions and the addition of two" or four univalent atoms, 
pass into saturated compounds. • 

This same behaviour is observed with many other compounds containing 
carbon and oxygen, doubly combined, =C—O (aldehydes and ketones) or double 
and triple union of carbon and nitrogen, =C=N‘-C~N (acid nitriles, imides. 
oximes). TILey are in the same sense unsaturated ; by the breaking down ox 
their double or triple union they change to saturated* conipounds in which th« 
polyvalent atoms arc linked by a single bond to each«other ; 


H 


H-C »0 

I 

H--C—H + 2H 

k 

Acetaldehyde. 


H—C—OH 
H—C-rH 


H 

Ethyl Alcohol. 


« 




• C:=N 

• I 

H»~C—H -f 4H 

• H 


Acetonitrile. 


H 

I 

H—G—NH. 

I 


H 

Ethylamine. 


A second class of unsaturated carbon compounds exists, where the carbon 
atom itself and alone must be looked on as being ussatura ted. (A. 298 , 202.) For 
example; 


«c«o 

Carbea 

Mono^'ide. 


=C=N.C,H, 
Ethyl CarbyUmiae 
and bom<^guei. 


=C=N.OH 
Fu^minic Add. 
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BadioalSi Besidaes, Groups.—The assumption of the existence 
of fadicals, capable of existing alone and pla5dng a special rdle in mole¬ 
cules, has long been abandoned (B. 35,1196). The structural formulae 
assign no,especially favourable.position to one atom over another in 
the molecule. Radicals are atomic groups, chiefly those contpiining 
carbon, which in many reactions remain unaltered and pass from one 
compound into another without change. In this category must also 
be included the uni-, di-, tri-, and pol3nt7alent atomic complexes, which* 
remain when al^ms or atomic groups are imagined to be removed from 
saturated bodies.^ By such gradual abstraction of hydrogen, methane 
yields therfollowing radicals, having different valences:— 

CH* —CHa =CH, SCH 

Methane, Methyl, Methylene, Metbenyl or Metbine, 

saturated. univafient radical. divalent radical. tiivalent radical. 

If such radicals are isolated from existing compounds, e,g. the 
halogen derivatives, then two of them unite to form a molecule : 

CHJ CH3 

H- 2Naa— I -f 2NaI 
CH3I ,C 1 I, 

CHala CH* 

-f-4CU = il 
CHJj CHa 

CH 

-f6Na=l!| -hONaCl* 

CHCI3 CH 

* 

Or, an atomic rearrangement may occur with the production of a 
molecule of the same number of carbon atoms : 

CHCl, CHa CH = 

+ 2Na =11 -j- 2NaCl and not I 

CB, CHj CHa • 

• 

The expressions residue and group are similar to radical. They 
are chiefly applied to inorganic radicals, e,g ,: 

*" • 

—OH water residue or Hydroxyl group, 

—SH hydrogen sulphide residue or Hydrosulphide group, 

^ —NHa ammonia residue or Amido group, 

^ Jmido group, * * 

“NO, ifitro group, 

—^NO Nitroso group. 

Homologous and Isologous Styles. — Schiel, in 1842 (A. 43 , X07; 110 , I 4 i)» 
directed attention to the phenoiSien(Ai of Kbmology, giving as evidence the alcohol 
radicals, and was followed sho^ly after by Dumas, who observed it in the fatty 
acidr. Gerhardt introduced the terms homologous and isologous series, and showed 
the r^e these series played in th£ classification 6 i the carbon derivatives. It 
was the ^eory of atomic linking that first disclosed the cause of homology. 

The different kinds of linkages between the carbon atoms shows 
itself most plainly among Iftie hydrocarbons. By removing one atom 
gi hydrogen from the simplest hydrocarbon, methane, CH4, the remaining 
univalent group, CHa, combine with another, 3deldin^ CHar-£Ha, 
or CgHf, ethane or ^methyl. Her^^ again, a hydrogen atom xoS^ be 
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§ * 

replaced by the group CHj. resulting in the compound CH3—CH2~CHs, 
pfbpane. The structure of these derivatives may be more clearly 
represented graphically; * 


H 

•I 

H^.C—H 
I 

H 

CH4 


H 1€ 

I I 

H—C—C—H 

! I 
H H 

C,I^. 


H H H 

I I I 

^ H—C—C—C—H. etc. 

• I i I 

H H H 

CaHa 


By continuing This chain-like unipn of the car|bon atoms, there 
arises an entire senes’of hydrocarbons: , • • 

CH,—CH,-CHa—CH, ' CHa-CH,—Crf*—CH*—CH,. etc. 

C4H10 . JC.Hj, 

Such a series ot bodies of similar chemical structure and corre¬ 
sponding in chemical characters is known as a homologous series. 

The composition of such an homologous series can be expressed by 
a general empirical or rational formula. The series formula for the 
marsh gas or methane hydrocarbonij is C„Ha„+2- 

Each member differs from tl\(e one immediately preceding and the, 
one fo^owing by CH2. Tlie phenomenon of homology ij tbfirefofC 
due to the linking power of the quadrivalent carbon atoms. 

On the configuration of the carbon chain, see C. 1900, II. 28, 664, 
1256, and Volume II,, Cycloparaffins. 

In addition to the homologous series of the saturated marsh-gas 
type, there are a large number of other such series, of which the simplest 
are thqfe of the monohydroxy-alcohols, the jJdehydes and mono- 
carboxylic acids. ♦ 


CH4O Methyl Alcohol 
,H ,0 Ethyl Alcohol 
•HgO I’ropyl Alcohol 
4II10O Bu tyl Alcohol 
etc. 


CnH ,„0 

CHgO Formaldehyde 
CaH40 Acetaldehyde 
CgHgO Propionaldehyde 
C4H8O Butyraldehydc# 
etc. • 


CHgOg Formic Acid 
CgH^Og Acetic Acid 
'CgHgOg Propioiiic Acid 
C4H80a Butyfic Acid 
etc. 


Carbon compoundi;, chemically similar, but differing from each other in com¬ 
position by a oilicrence other than e.g, the saturated and unsaturated 

hydrocarbons, form isologous series, according to Gerhardt : 

C,H..C3H4.C3H/ 

C*H;.C3H4.C3H4 


iBomeruxn; Folymerism; Metamerism; Chain or Nucleus Jmo~ 
merism; Position or Place Isomerism.—Jhe view once prevailed 
that bodies of different properties*mu^ necessarily possess a Afferent 
composition. The first hydrocarbons showing that this opinion was 
erroneous were discovere(iin 1820. * • 


Liebig, in 1823, demonstrated that silver cyanate and fulminate were ide ntica l. 
In 1828 Wohler changed ammonium cyanate to urea, and in 1830 Berzelius estab¬ 
lished the similarity of tartaric acid and racemic acid. 

Berzelius, in 1830, djesignated as isomers composed of 

parts) bodies of similar composition but different in properties. 
A yw later he ^stinguished two kinds of isomerism, viz.: isomerism of 
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bodies of different molecular mass— folymerism; add bodies of like 
mplecular mass— metamerism. 

Numerous isomeric carbon derivatives were discovered in rapid 
succession; hence, an answer to the question as to what causes iso¬ 
meric phenomena acquired importance for the development of organic 
chemistry. The deeper insight into the structure of carbon compounds, 
which was gradually attained, gave rise in consequence to a further 
division of metameric phenomena. t < 

The expre^on metamerism was employed to designate that kind of 
isomerism which^s due to the Jiomology of radicals held in combina¬ 
tion by atoms of higher valence. If the homologous radicals are 
Joined by polyvalent#elements, then those compounds are metameric, 
in which the sum of the elements contained in the radicals is the 
same (H may be viewed as ihe simplest radical): 


Etliyl A:i.uhol. 

C.U7 

O 

H 

Propyl Alcohol. 

c.n»| 

u'n 

Hi 

Elbyiamtoo. 


CaH,| 

H N 

hI 

Propyldinine. 


is metameric with 


is metameric with 


is metameric with 


is metameric with 


cH,r 

Mrthyl Ether. 

C,H. 


O 


CH 


C,H. 

CH, N 
H) 

Ethyl Methyl- 


Etbyl-Mclhyl 

Ether. 

CH, 

CH, 

H 

DiCicthyUmiae. 

' CH, 

and CH, N 
CH, 

Trimeihyi- 

amine. 


The constitution of the radicals in this division was disregafded, 
the type formulae were sufficiently explanatory. We hiwve recognized 
the power of the quadrivalent carbon atoms to unite in a chain-lijee 
manner as the cause of lIbmolo|;y, and to this cause may be^ittributed 
other phenomena of isomerism, which arc not properly included under 
metamerism. * t 

In deducing the formulae of the five simplest hydrocarbons of the 
homologous series fbe formula for ethane, CH3.CH3, was 

developed from that of methane, CH4, and tliat of propane OH3.CH2.CH8 
from the formula of St|;iane C2HS. In the case of propane intermediate 
and terminal carbon atoms are distinguished. The former are attached 
on either side to two other carbon atoms, still possessing two valency 
units which are saturateil by tw^ hydrogen atoms. The terminal 
carbon atoixis of the chaij^ are linked to three hydrogen atoms. 

‘ With the next member of ^he series we o^erve a difference. Above 
(p. 24), the fact that a Aydrogen of the terminal methyl group of 
propane was replaced by methyl was the only condition considered. 
This led to the formula CH3.CH2.CH2.CH3. However, the CHs-group 
might replace a hydrogen atom of the intermediate CH2-group, and 

CH,.CH.CH, 

then the result would be the formula f . In this hydro- 

CH, 

carbon there is a branched carboii chain. The hydrocarbon with a 

t • 
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continuous chain is termed normal butane; its isomer is isobuianSt 
i.e, isomeric butane, ^ 

Theoretically, by a similar deduction, the two butanes 


CH CH a—CH »~CH # 

Normal Butane. . 


/CH,CH{CHa, 

Isobutane. 


yield three isomeric pentanes wliich are actually known. 


Normal PenUue. * ^ • 


• 

CH, 

CHa.CH.CIJa.CH, 

^ *H,C—i—CH, 

.*• 

(!;h. 

Isopentane. 

* Pseudopentane 

Tctrametbyl Methane. 


The number, of possible isomers increa§es rapidly with the increase 
in carbon atoms (B, 27, R. 725; 33, 2131). 

The origin of isomerism in the homologous paraffins, as in so many 
other cases, is the different constitution of the carbon chain. The 
isomerism caused by a difference in linking, by the different structure 
of the carbon nucleus or the carbon*chain, is termed nucleus or chain 
isomerism, * ^ 

, The^nvestigation of thq substitution products of the paraffin*ff^3ro- 
carbons brings to light another kind of isomerisni. The principle of 
similarity of the four valences of a carbon atom (p. 21) renders logical 
and possible but one monochloro-substitution product of methane and 
ethane. The *same consideration wliich heretofore recognized the 
possibility of two methyl substitution products of propane (the two 
butanes*^ssible by theory) leads to the possibility of two monocliloro- 
propanes, dependent upon whether the chlorine atom has replaced the 
hydrogen of a terminal or intermediate carbon atom : • 


• C’h,.CH,.CH,Cl CH,.CHC 1 .CH, 

• Normal Propyl Chloride. Isopropyl Chloride. 0 

• • 

If two hydrogen atoms of one of •Ihf carbon atoms of propane 
be replaced by an* oxygen atom, the following case of isomerism 
arises: 


CHa.CHj.CHO CHa.CO.CH, 

•Propyl Aldehyde. • Acetone. ^ 

• • 

In the case of the two known chloropro^anes, and also in the case 
of propyl aldehyde and acetone, the cause of the isomerism is not due 
to difference in constitution of the carbon ^hain, but to the different 
position of the chlorine atoms with refererite to the oxygen atoms of 
the same carbon chain. Isomerism, induced by the different arrange¬ 
ment or position of the substituting elements in the same carbon chain, 
is designated isomerism of place or position. 

The intimate relationship of the two varieties of isomerism is appa¬ 
rent from the derivation of the ideas of nucleus or chain isomerism and 
place or position isomerism. ** 

Beoent Views on * the Struotnral Theory. —The theory of 
atomic linking not only revealed an insight into the causes of the 
innumerable isomeric phenomena^ but predicted tmknown instances 
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and determined their number in a very definite manner. In many 
isomeric modifications, possible by theory, were discovered at a 
later period. For certain isomers, however, at first few in numter, 
the structural formulas deduced from, their S5mthetic and analytical 
reactions were insufficieit, inasmuch as different compound? were 
known, to which the san^ structural formula could be given. The 
greatest similarity in reartions indicative of the structure was com¬ 
bined with complete difference in physical properties of the com* 
pounds belonging in this class. The tendency at first was to designate 
such bodies pJt^sical isomers^ meaning thereby, an aggregation of 
var3ring complexes of chemically similar molecfiks. 

^ The following groups of such isomers have been well investigated : 

HO.HC.COaH 

I. The four symmelrical dihydroxysuccinic acids : I , the 

PO.HC.CO,H 

ordinary or dextro-tartaric acid, and racemic acid, which were proved 
to be isomeric in 1830 by Berzelius (see p. 25), and laevo-tartaric and 
the inactive or meso-tartaric acids which were added later, through 
Pasteur*s classic researches. 

• CH.CO,H 

^ 2. The two symmetrical ethyleni-dicarboxylic acids: || , fu- 

maliC and maleic acid. CH.COgH 

3. The three a-hydroxypropionic acids: CH3.CH(0H).C02lf— 

inactive lactic acid of fermentation, sarcolactic acid, and Isevo-lactic 
acid, which was added later. • 

Substances are included among these compounds, which when 
liquefied, either by fusion or solution, rotate the plane of polarization 
either to the right or left. The direction of deviation is indicated by 
prefixing “ dextro or “ laevo " to the name of the bodies thus acting. 
Such carbon compounds are " optically active ” (p. 54), inr contra¬ 
distinction to the other almost innumerable derivatives >Yhich exert no 
influence on polarized light and are “ optically inactive ” or “ inactive^* 
A Arect synthesis of optically active carbon compoun^Js has nbt 
yet been achieved {see asymmetric s)mthesis, p. 55), although optically 
inactive bodies have been synthesized- Pasteur ^scoyered methock 
by means of which the latter can be resolved into their components, 
which rotate the plane of polarization to an equal degree but in 
opposite directions. Upon splitting sodiqm-ammonium lacemate into 
soAum-ammonium Icevo- and dextro-tartrates, Pasteur observed that 
the crystals of these salts showed hemihedrism ; that they were as an 
object to its mirror-image; and that equally long columns of equally 
concentrated solutions of these,salt^ at the same temperature, deviated 
the plane of polarized light to an equal degree in opposite Erections. 


i860 Pasteur expressed himi||elf as follows upw the cause of these phenomena 
—^upon molecular asymmetry : " Are the atoms of the dextro-acid grouped in the 
form of a right-handed spiral, or are they arranged at the angles of an irregular 
tetrahedron, or are they distributed according to some other asymmetric arrange¬ 
ment ? We know not. Undoubtedly, however, we have to do with an asymmetric 
anrangement, the images of which cannot mutually cover each other. It is not 
ppiii certain ^at the atoms of the laevo-acid are arranged in opi^site order." la 
^'1873 /. WisHcenus added the following comment' to the evidence of similar 
structure in the optically inactive lactic acid of fermentation and the optically 
. afitivn sarcolactic acid: ** Facts compel ns to explain the difference of iipmenc 
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jnolecules of like structural formula by a difference in arrangement of the atoms 
in space." How the space configuration of the molecules of carbon compounds 
was to be represented was answered almost simultaneously and independently^f 
each other by van Hoff and Le Bel (1874) (B. 26 , R. 36). by the introduction 
of the hypothesis of the asymmetric tarl^n atom. . This hypothesis is the basis 
of the ctiemistfy of space or stereo^chemistry of the nrbon atom. 

T 

The hypothesis of an asymmetric carbon atom * is designed to 
Explain optical activity and ttw? isomerism of optically active carbon 
compounds, ^ 

Whilst the theoiy of atomic linkage abstains fron^any representa¬ 
tion of the spacial arrangement of the atoms in a molecule, experienoe 
gathered from the investigation of simple carbOft compounds shows 
that definite Spacial relations do not harmonize with actual facts. 
Assuming that the four valences'of a carbon atom act in a plane and 
in perpendiculaV directions upon each other, the following possible 
isomers for methane are evident:— 


No isomers of the types CHsR^ and CH(R^)3 

Two „ „ „ CH2(R^)2.CH2R^R“,CHRa(Ri)2, 

Three „ „ „ CHRiR^R®. 

• Methylene iodide, for example, should appear in two isomeric modifications 

H H 

I I 

and H—C—> 


However, two isomers of a single disubstitution product of 
methane have never been found ; consequently, it is very improbable 
that the fou^ affinities of a carbon atom are disposed in the manner 
ifldicated above. The carbon atom models of Kekuli represent the 
cStrbon atom as a black sphere and the quadrivalence of it l5y four 
needles of equal length and firmly aittached to the sphere, which 
Baeyer has cajled aoces. These nee^es are not perpendicular to each, 
other, nor do tliey lie in the same plane, but are so arranged that 
planes placed about their terminals produce a regular tetrahedron 
, (Z. f. Ch. (1^7) N. F. 8. Van H Hoff's generalizatjpns are based» 

upon this model, about which fundamental considerations will be more« 
fully developed in the following pages. * • 

On the assumption that the affinities of a carbon atom are direefted 
towards the summits of a regular tptra]^edr6n,in the centre of which is 
the carbon atom, there would be no imaginable isomers coinciding 

* Pasteur : Recherches sun#a dissymfitrie inpl^culaires des produits organi^ues 
naturels. Lemons de chimic professles en i860, Paris, i8bi. Vgl. Ostwald's 
Klassiker der exacten Wissenschaften, Nr. 28: Ueber die Asymmetric bei . 
naturlich vorkommenden organischen Verbiadungen, von Pasteur. Uebersetzt 
und berausgegeben von M, und A. Ladenburg. J, H. van *t Hoff: Dix ann^es 
dans I'histoire d'une th£orie, 1887. K. Auwers .*41016 Entwickelung der Stereo- 
cbemie, Heidelberg, 1890. A. Hantesch : Grundriss der Stereochemie, Breslau, 
1893. C. A. Bischoff: Handbuch der Stercochcmic, 1893, together with, 
Materialien der Stereoebemie, 1904. Werner ; Lehrbuch < der Stereochemie, 
.» 904 * 
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witFrCH2(RM2> CHaRiR* CHR*(Ri)2, but a casesuch asCHRiR*R» or 
the more general CR^R®R®R*—an isomeric phenomenon of peculiar 
nature—might be predicted. A carbon atom of tliis description—one 
that is connected with fou^ different univalent atoms or atomic ^oups 
—van H Hoff has designated an asymmetric carbon atom, |froposing to 
represent it by an italic?. C. It is often indicated by a small 
star. 

If a compound contains an asymmetric carbon atom we can* 
conceive'of its *?;xistence in two isomeric modifications, the one being 
an image of the bther: 



» These spacial arrangements are more fuUy understood by the aid of the models 
Ijv KekuU, van't ilojf, and others, than by their projection upon flat 
surface of paper. Van 7 Hoff introduced tetrahedron models in which the soljd 
angles were coloured; this was to represent and Indicate different radicals. They 
lack this advantage, possessed by the Kektdi model, that the carbon atom has 
entirely disappeared from the model. It must be imagined as being in the centre 
of the tetrahedron, and in jfl'ojections of these models (see above) the radicals are 
united to each other by lines, the latter, however, not in any sense representing 
a chemical union. 

• 

In the left tetrahedron the successive series R^R®R* proceeds in a 
difection directly opposite to that of the hand of a watch, whilst in 
the right tetrahedron the course coincides with that of the hand. The 
two figures cannot, «by rotation, be by any means brought into the 
same position,—that is, in a position to cover each other completely,-^ 
any more than the left hand ran be made to cover thp right, or a 
picture its image or reflection. , 

The Isomerism of Optically Active Carbon Compounds.—The 
cause oi optical activity, in the opinion of van Hoff and of Lc 
rBd, is the presence oi one or several asymmetric carbon ^oms in the 
cmoJecuIe of every optically active body, It is obvious that two mole¬ 
cules which only differ* in that the series of atoms or atomic groups 
attached to an asymmetric carbon atom differ successively in order of 
arrangement, which therefore^ are identical in chemic^ structure, 
must be very similar in chehiical properties. However, those physical 
properties, upon which the opposite successive series of atoms or 
atomic groups in union with-asymmetric ckrbon exerts an influence, 
e.g. the power of deviating the plane of polarized light, must be equal 
in value, but opposite. The union of two molecules identical in 
structure, having equal but opposite rotatory power, gives rise to a 
molecule of an optically inactive polymeric compound. 

, Compounds containing an Asymmetric Cafhon Atom. —a-Hydroxy- 
propionic acid, CHji—*CH0H.C02H, is an example of a compound 
containing one asymmetric carbon ^atom. It e»sts in two optically 
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active, structurally identical, but physically isomeric modifications, and 
one optically inactive, structurally identical polymeric form: , 



DextrO'lactfc Acid. 

(Sarcolactic Acid.) 

OH OH 

6 —H •. + H—C 

/\ /\ 
H,C CO,H HO,C CII, 



^flpvo'lactic Add. 





{(+) rf-Lactic Acid (_) /-Lactic Acid = } ” 


The following compounds aL^o contain one asymmetric carbon 
atom 


Leucine . 
Malic Acid . 
Asparagine . 
Mandelic Acid 

I 

Coniine . . 


C4H/CH(NH,)COjH 

CO,H.CH,.*CH{OIl)CO,H 

CONH,CH,.*CH(NHJCO,H 

C.Hj.^CHQH.COjH 


Each of the preceding bodies is known in two optically active and 
one optically inactive modifications. 

Compounds containing Two Asymmetric Carbon Atoms ,—^The relations 
are more confplicated when two asymmetric carbon atoms are present. 

• The simplest case would be that in which similar groupsi are in 
union witB the two asymmetric carbon atoms. The one h^f of the 
molecule would then be constructed chemically exactly like the other 
half. The fouf’ isomeric diliydroxysuccinic acids belong in this group. 
This group of tartaric acids has become of the greatest importance in 
the development of the chemistry of optically active carbon derivatives. ^ 
They wefe the first to bfe most carefully investigjiterd chemically, 
optically, and crystallographically, and were cpiployed by Pasteur in ^ 
the development of methods for resolving the optically inactive com¬ 
pounds into their optically active components (p. 56). Their im¬ 
portance was further increased b^ th^^ fact that they were brought 
into an intimate genetic relation with fumaric and maleic acids—two 
isomeric bodies which willi)e considered the next section (p. 34)*. 

When a carbon compotind contains two asymmetric carbon atoms, 
united to similar groups, then a fourth compound becomes possible in 
addition to the three isomeric modifications which a compound con¬ 
taining only one asymmetric carbon atom is capable of forming. If 
the groups linked to one asymmetric carbon atom, viewed from the 
axis of union of the two asymmetric carbon atoms, show an opposite 
successive arrangement to that of the other asymmetric carbon atom, 
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an,, inactive compound results, due to an intramoUcular or internal 
cop^pensation: the action due to the one asymmetric atom upon 
polarized light will be‘ cancelled by an equal but opposite action 
caused by the other asyJametric carbpn atom. 

The hypothesis of theV^ymmetric carbon atom gave the first and, 
indeed, the only satisfact^y explanatiori for the occurrence of four 
isomeric symmetrical dihyo^oxysuccinic acids, which are represented 
as follows:—• • *> 



(i) Dextro-tartaric Acid. (2) L«vo-tartaric Acid. (3) Inactive or Meso-tartaric Add. 

^ Dextro-tartaric Acid+LaBvo'tartaric Acid=:(4) Racemic Acid. * 

It is seen that the two independent rotating systems are in contact 
with one another at one angle of the tetrahedrons through a single 
carbon bond. ^ ^ 

An excellent example of the formation of a meso-form during the 
purification of two optical antipodes, is supplied by laffvo-alanyl- 
dextro-alanine. It is itself optically active, but loses water, giving 
rise to the meso-form of alanine anhydride (C. 1906. Il.^sg): 

I 1 I \ 

C- -CO HOOC—C C—CO 0€—C 

/\ . , ^ /\ /\ 

H CH, • H^,C H H CHa H,C H 

l-Alanyl-f-alanine. Meso-alaniae Anhydride. 

The possibilities of isomerism in carbon compounds containing 
more than two asymmetric carbon atoms—a condition observable with 
the polyhydric alcohols, their corresponding aldehyde alcohols, and 
ketone alcohols (the simplest sugar varieties), as well as with their 
oxidatipn products, will be more elaborately discussed under these 
several groups of compounds. 

Geometrioal Isomerism, Stereoisomerism in the Ethylene Deriva* 
tives (Alloisomerism), — T^o carbon atoms, singly linked to each 
dthcr, whose valences are not required for mutual union, and which are 
united to other atoms or atomic groups, may be considered as being 
able to rotate^dependently of ee^h other about their axis of union 
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/. Widicenus assumes, however, that the atoms or atomic groups 
combined with these two carbon atoms ^ercise a ** directing 
influence** upon each other until hnally the eixire system has passed 
inta the favourable configuration " or the ^preferred position,** It 
follows from this assumption that, in ethane derivatives in which asym¬ 
metric 'carbon atoms are not present, stru/turally identical isomers 
cannot occur. When the van *t Hoff tetrahedron models are employed 
fpr demonstration the two syst^ns, capable of independent rotation 
about a common axis, are found to touch one another though a single 
carbon bond situated at one of the ^gles (comp.^ne projection- 
formula of the tartafic ^cids, p. 32). , « - 

A different state prevails where the carbon atoms are doubly linked. * 
The double union, according to van *t prevents a free and inde¬ 
pendent rotation of the two systems and ^pace^isomers are possible. 
The tetrahedron models represent this double union in such a 
maimer that two tetrahedra have two angles in common and are in 
contact along a common edge. The frequent and notable differ¬ 
ences in chemical behaviour of this class of isomers are to be attri¬ 
buted to the greater or less spacial distance of the atomic groups, 
/which determine the chemical character. 

Comppunds having the general formulae abC~Cah or 
may exist in two isomeric modifications. In one instance groups of like 
name are directed towards the same side—according to J, Wislicenus 
the ** plane symmetrical configuration **—or they are directed towards 
opposite sides—^hen they have according to Vhe same author the 
central or axially symmetrical configuration, Baeyer suggests for this 
form of asymmetry the term " relative asymmetry ** in contradistinction 
to the kii!d of asymmetry which substances with asymmetric carbon 
atoms show ; the latter he prefers to call “ absolute asymmetry*' 

The structurally symmetrical ethylene-dicarboxylic acid is the 
most striking example of this class of isomerism. It exists in two 
isoqieric modifications, known as fumaric and maleic acids, beth of 
which havb been very carefully investigate<ir Maleic acid readily 
passes into an anhydride, hence the plane* symmetrical configuration is 
ascribed to it; ^ma'ric acid does not form an anhydride, so that the 
axial symmetrical configuration is given to it, in which the two carboxyl 
groups are as widely removed from each other as possible. In projec¬ 
tion formulae ^nd in structural formulae, to which tlj/ereTis given a 
spacial meaning, the configuration of these two acids would be 
represented in the following way :— 




34 


ORGANIC CHEMISTRY 

\ 


The isomerism of niesaconic and citraconic acids, {CH3)(C02H) 
•C«=CH(C02H), is of .^the same class; the first acid corresponds to 
fumaric acid and the sfc^ond to maleic acid. Further examples of the 
class are: \v 

Crotonic and Isocrotonic Aci^i . , . CHjCH: CHCO,H. * 

Angelic and Tiglic Acids • CHji.CH: C(CH^CO|H. 

Oleic and Elaidic Acids . . . CgHi^CH: CH.CfHj4.COgH. 

Erucic and Brassidic Acids . . • . CjHj,CH:CH. C„H„.CO,H. 

The two a-Chlorocrotonic Acids , . CHg.CH: CQ.COgH. 

»• ^-Chlofr^rotonic Acids . . CHg.CCl: CH.COgH. 

„ Tolane bichlorides . . . CgligCCl: CClCgHj. 

‘ „ Dibromides . . . CgHjCBr: CFi'^gH,. 

' o-Dinitrostilbenes .... NOgUJC.HgCiJCH: CH[i]C4H4[2]NOg. 

Cinnamic and AUocinnamic Acids • . C4H4.CH : CHCOgH. 

The two a-Bromocinnainic Acids . . CgHg.CH ; CBrCOgH. 

„ „ / 3 -Bromocinnamic Ackls . . CgHj.CBr: CHCOjH. 

„ „ Coumaric Acids.HO[2]C4H4[i]CH : GH.COjH, etc. 

Isomeric phenomena of this kind Michael designates as alio- 
isomerism, without suggestion as to its cause. When a body passes 
into a more stable modification upon the application of heat, Michael 
prefixes “ alio ” to the name of'thc more stable form; thus, fumaric 
acid is allomaleic acid (B. 19 , 1384).'- 

' inimaric and maleic acids are placed at the head of this class of 
isomeric phenomena not only because they have been most thorou^ly 
investigated, but chiefly because the two optically inactive dihydroxy- 
tartaric acids bear to them an intimate genetic relation (p. 31). Kekuli 
and Anschutz showed that fumaric acid was converted into racemic 


acid, and maleic acid into mesotartaric acid by potassium permanganate. 
Thip conversion harmonizes entirely with the van *t Hoff-Le Bel 
conception of these four acids; indeed, it might have been predicted. 
These relations will be more fully elaborated in the discussion on the 
acids. In studying maleic and the alkyl-maleic acids, it will be further 
discussed whether or not it is required by configuration that maleic 
acid and its homologucs should have a structure quite different from 
that of fumaric acid. The rehitions are similar in the case* of the cou¬ 


maric acids (Vol. 11.). 



Baeyev considers that the isomerism of the saturated or carbocyclic compounds 
bears a definite relation to the stereoisomerism of the ethylene derivatives, as will 
be more fully explained when the hcxahydroxyphthaJic acic^^ (Vol. II.) are 
described. The sr me author maintains that the simple ring-union of carbon atoms 
viewed from a stereochemical standpoint has the same signification as the double 
union in open chains. Therefore, stereoisomerism in the carbon compounds 
with double union would appear merely as a special case of isomerism in simple 
ring-unions. Baumann applied t^is id^a to saturated heterocyclic compounds^ 
to the polymeric thioaldehydfes 

Baeyer suggested the introduction of a common symbol for aU geometrical 
ishmers, such as the Greek letter r. *'The addition of an index will assist 
the ready expression of the khict of isomerism. %n the case of compounds which 
contain absolute asymmetric carbon atoms, the signs + — can be employed. 
Thus the expressions 


Dextro-tartaric Acidssr-f + 

Lsvo-tariaric Acid *sr-Tartaric Acid 

Mesotartaric Acid sp-)— , 


can be understood without special explanation.*’ In the case of relative asym¬ 
metry in unsa^ated compounds and ^turated rings, Baeyer proposes to use the 
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terms cis and irans. Maleic acid=r®**»*** or briefly r®** ethylene-dicarboxylic 
acid, while fumaxic acid=er«*®* ethylene-dicarboxylic acid. ^ 

Further considerations on the space-confi^ration of the ethylene 
and polymefhylene derivatives •lead to a fcoadening of the scope 
and to-the correction of the law, that an asymmetric carbon atom must 
be present in every optically active com]^und (see above, p. 30). 
Optical activity can occur even in the absence of an asymmetric carbon 
Stom in the ordinary sense, if atoms are attached to a carbon skeleton 
in such a way in space, that there is no plane of symmdfy present —the 
object and its mirr^-image do not cbrrespond. Tms is found,' for 
instance, in hexahydrohexahydroxybenzene, whi(jJ\'exists in fwo enan> 
tiomorphic opticaUy active forms, as d- and /- inositol: 


HO H 




I 

HO 



4- and I- Inositol. 


•Anotherexample is found in rf- and I- methjd-cyclohexylidene-acetic 
acid, 

CH, • . COOH HOOC . CH- 

I / \ XH,—CH,. I 

•i/ >C-C* •C=C< \t* 

I X:H,—CH/ / \ \CH,-XH,/l 

H* H H ' 


H 


in which the CH 3 and H, COOH and H, attached to the *C atoms must 
lie in planes at right angles to each other as required by the condition of 
asymmetry {Aschan, B. 36 ,3389 ; Marckwold and ^eth, B. 39 ,1171). 

, The particularly ready formation of carbjcyclic and hetefocyclic 
compounds when five or six carbon atoms take part in the ring forma¬ 
tion, is also a result of the position of the setoms in space. This aspect 
of stereochemistry Aill be considered in the introduction to the carbo- 
cyclic compounds, and there also to the heterocyclic bodies, as well as 
in the discussion of the cyclic carboxylic esters, or lactones, the cyclic 
acid amides dr lactams, the sftihydrides of dibasic^cid^, efc. « 

Hypotheses Kelating to Multiple Unions •of Carbon.—The multiple 
unions of carbon are so important in stereochemical consideratiohs, 
that there has been a large amount of reseych into the nature of this 
union as well as attempts to repftsenf it. • All investigations in this 
direction demonstrate how difficult it is at present to understanc^ so 
obscure a force as chemical attraction og affinity from a mechanical 
point of view. Despite the demand and necessity that may exist for 
the introduction of hypotheses dealing with the mechanics of multiple 
linkage the views so far presented are in many essentials contradictory, 
and not one has won general recognition for itself. See Baeyer (B. 18 , 
2277; 28 , 1274); Wunderlich (Configuration organischer Molecule, 
Leiprig, 1886); Lossen (B. 20 , 3306); Wislicenus (B. 21 , 581); F. 
M^er (B. 21 , 265 Anm.; 28 , 581, 6x8); F. Meyer md^ieckc (B» 81 , 
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946); Auwers (Entwicklung der Stereochemie, ifeidelberg, 1890), 
22-23 > Nautnann (B. 28, 477); Bruhl (A. 211,162, 371); Dt^isle 
(A. 269,97); Skraup (Men. Monatsh. 12,146); /. Thiele (A. 806,87 ; 
819, 129)1; Erlenmeyer^dun, (A. 816, 43; J* pr. Ch. [2] 62, 145); 
Voflaender (A. 820, 66); ^inrichsen (A. 886, i68), • 

Stareoehemis^ of NitrogJa. —Isomeric phenomena of nitrogen-containing 
compounds*of Hhe chemical structure, which could not be ascribed to the same 
cause as prevailed in carbon compounds. Ie4. to the application of stereochemical 
views to the nitrogen atom. There appeared to be an absoltUe nitrogen asymmetry 
corresponding to^Jie absolute carbon asymmetry » of which examples were cited by 
Le Bel in the unstable, optically Uctive modification oi methyl ethyl propyl 
ifjbbutyl ammonium chloride (C. r. 112, 724; B. 82, 5'6e^722, 988, 1409, 3508; 
28, 1003 ; C. 1900, II. 77 ; C. 1900, 1 . 26, 179 ; 1901. II. 206, 409, etc.). 

The relative asymmetry, due to the doubly-bound carbon atom, is seen in the 
isomerism of the oximes [Hanizsch and Werner \ comp, also Wallackt A. 882 , 
337)i of the hydroxamic acids {Werner), and of the aromatic diazotates, diazo- 
sulphonic acids and diazocyanidcs [Hantzsch). 

Stereoetaembtry of Tin; C. 1900, II. 34. Stereoehembtryof Sulphur: C. 1900, 
I. 537; II. 623. 

Intramolecular Atomic Bearraugements. — Many investigations 
have shown that certain modes of linking, apparently possible 
'^from a valence standpoint, cannot, *in fact, occur, or when they do 
take^plabe are possible only under certain definite conditibns. In 
reactions, for example, in which two or three hydroxyl groups should 
unite with the same carbon atom, a loss of water almost invariably 
occurs and oxygen becomes doubly united with carbon, e,g, : 





On the other hand, the rethers derivable from these unstable 
" alcohols ” are stable: ' , ^ 

yO.C.H, 

CHaC^O.C,H8 and HC^O.C.H, 

. \h • Nd.CjH* • 

f r 

In other cases there ik a cleavage of a halogen hydride, water or 
animonia, with the production of an unsaturated body, or an anhydride 
of a dibasic acid, or a cyclic e^ter (l^cione), or a cychc diimde (lactam). 
In these reactions two m6lecules result from one molecule, in which 
atQm-groups occur in unstable linkage-relations, an organic molecule 
and a simple inorganic boiy, * 

This type of decomposition of a labile molecule is similar to the 
phenomenon of intramolecular atomic fearrangemenU where unstable 
atomic groupings pass at the moment of their formation into stable 
forms without the alteratiftn of the size of the molecule. The hydrogen 
atom, especially, is inclined to wander, but groups, such as the 
phenyl, and hydroxyl ' behave similarly. To-day, the number of 
examples of Ws phenomenon is femarkably lar^; of which a few 
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o&ly need be died. A free hydroxyl group becomes added in most 
cases to a carbon atom in double union with neighbouring carbon 
atom. When intramolecular atomic rearrana^ents occur the, hydro¬ 
gen of the hydroxyl attaches itself to the a^acent carbon atom, and 
oxygen of liydro^yl unites, doubly with &rbon (Erlenmeyer’s rule, 
B. 18, 309; 25,1781). - ‘ 1/ 



^•Allyl Alcohol. Acetone. 


However, the ethers obtained from vinyl alcohol [q.v,) are stable: 
CH2=CH0.C2H6 and CH2=C(O.C2H6)—CH3 are known. 

It has also been observed that a transposition such as that described 
above can occur by two unstable and similar molecules rearranging 
with each other, so that two similar stable molecules result ^ ^ 

• CH,=CH.OH CH,.CHO 

X X * 

qO.CH^CH, OCH.CH, 

A rise of temperature is frequently necessary to induce many of 
these reactions to take place. Both compounds are capable of 
existence. Unsaturated acids pass into lactones. The intramolecular 
atomic rearrangement proceeds in a direction favouring the forniation 
of a stable ring: • 

.(CHJ,c (CH,),C- o 

• « = I •] 

. CH—CH|.COtH CH,^H,CO • 

IsocBprolaetone. 

In other unsaturated compounds we*ob6erve that the unsymmetrical 
is transformed intb a symmetrical body through the rearrangement 
of the double linking of carbon : 

KCM 

CH,#CH.CHJ CH4: CH.CH,.CN -> CHg.CH: CHjCN • 

AUyl Iodide. Nltale of Orotonic Add* • 

CHg.CH; CH.COgH* 

Crotonic Add. • 


4 


CHg«C—CO 


CHt 
Itiooaic A-thydride. 


[g.CO 


CIig.C——CO 

‘ -ji > 

•CH—CO 

Cfln^onlc Anhydride. 


p 


m 


The esters of hydrothiocyanic acid, under the influence of heat, 
rearrange themselves into the isomeric mustard oils, sulphur unites 
doubly with carbon and the alcohol radica] that had previously been, 
in union with the sulphm wanders to nitrogen: 


CgHg—S—C=N- > 

AUyl ThSeoyaMi*. Allyl Mustud Qm 
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Isonitriles or carbylamines, when heated, pass into nitriles; the 
^^ohol radical previously in union with nitrogen, wanders to carbon : 


CjHj——C==N. 

Pbeoyl CarbyII|iiDe. Mnzonitrile. 

(Vol. II.) (Vol. II.) « 

Other rearrangements Vmong the atoms of compounds only take 
place in the presence of a strong acid or base. Indifferent bodies pass 
over into basic or acid compounds: • • 


Vh.C,H, HCl 

Hy drazobenzeife '^indiHerent). 


C,H4.NH, 

C,fi[4.NH. 

Benzidine (diacid base). 


CO.CjH, « koH 
CO.CgH, 

Benzil (indillei'ent). 


C.H, 

^(9H)CO,H 

C,H, 

Beiizilic Acid (strong acid). 


Further examples of intramolecular rearrangements of aromatic 
bodies are diazobenzoic acid, phpnylhydroxylamine, diazoamido-com- 
^^pounds, etc. (see Vol. IL). 

Xw(JP‘fonnB, Fseudomerism, Desmotropy, Merotropy,, Tanto- 
merism, Phasotropism.—The study of these intramolecular atomic 
migrations led to the recognition of a large number of atomic groups 
as being labile and stable. In the case of many bodies it became 
known that apparently \hey could react in accordance with iwo different 
formula. In other words, as our constitutional formulae were deduced 
from chemical behaviour, it may be said that compounds ejcisted to 
whidi two, and under certain circumstances more, constitutional 
formulae could be ascribed. Baeyer (B. 16,2188) explained this pheno¬ 
menon in such a manner that the stable bodies, under the influence of 
heat or reagents, passed into unstable modifications- " These isomejs 
are only known in cony>ounds; in the free state they revert to the 
original form. Their instability is referable to the mobility of the 
hydrogen atoms, since the'replacement of the latter is followed by 
stability " (compare A> W, Hofmann, B. 19, 2084). Mention may be 
here made of: 



or' I 



Hydrothiocyaoic 

Acid. 

N 

or 

NH4 



Isothio- 
cyanic ^cid. 




Cyanamidt. Carbodi^imide. 



Known. 


Known (mustard 
oils). 


T\nr, %nr 

Known. Knows. 


—CH 


or 


—C.OH 
Hydroxyl 
or Bnol' 
Form (J. pr. 
Cb. [a] 


-^CHg 

I t. 

—CO 

Ketone 

Form. 



CHCO.CjH, 

II or 

C,(QH).CH, 


CH,.CO,C,H* 

CO.CH, 


Aoetoacetlc Bster. 



—N 
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* —NH * ^ NH 

or I II or | 

^OH —CO ^coc.gw x:oco. 

Lactime Lactam _ il 

Form. Form* J Isatioe. 

• • 

Bueyer proposes to represent the uns^ble modifications by the 
designation “ pseudo.^' Pseudomerism is tlie term that will be adopted 
,in this work for the phenomenon in which one and the same carbon 
compound can react in accord&nce with different structural formulae. 
The unstable form of a derivative will, thereforeytake the name 
“ pseudoform " or .^ ''.pseudo-modification." In sor^ instances both 
forms are known. ; • • 


Qosely related to the conception of pseudomerism is that of Desmoiropy, 
derived m>m lS§fffi 6 s, a bond, and Tpfvciy^ to changa (P. Jacobson, B. 20 , 1732, 
footnote; 21 , 2628, footnote; L, Knorr, A. ^ 3 , 133; Hantxsch, B. 20 , 2802 ; 
21 , 1754; Forster, B. 21 , 1857). Michael suggested the name " Merotropy " 
(B. 27 , 2128, footnote ; J. pr. Ch. [2] 45 , 581, footnote ; 46 , 208). 

It is noteworthy that most pseudomeric compounds are acid in character; 
they can form salts. When these salts are treated with alkylogens or acyj halides 
the two classes of isomers appear. H. Goldschmidt (B. 28 , 253) refers this 
phenomenon to the appearance of free ions. Hence in passing judgment upon 
questions of pseudomerism only thdse reactions can be considered, from which 
dectroljrtic dissociation is excluded. Michael (J. pr. Ch. 37 , 473) put^jgqg[ard tifff 
Noteworthy suggestion that in the transpositions of the salts by ofgani^alides 
two independent processes, depending on the conditions present, take place : that 
there is a simple exchange whereby the organic radical takes the place of the 
metal; or the radical ^lalidc first adds itself to the molecule and subsequently 
separates as a metallic halide. In the latter case tne organic radical assumes a 
position dificrent from that previously held by the metallic atom (compare 
acetoac|tic ester and malonic ester). Nef has recently maintained the correctness 
of MichaeVs view. 

Laar, on the contrary, following Butlerow (A. 189 , 77). van *t Hoff (Adsichten 
iiber die organische Chemie, 2 , 263) and Zinche (B. 17 , 3030), assumes that such 
compounds consist of a mixture of structural isomers, in that an easily mhbile 
•hydrogen at<^m oscillates between two positions in equilibrio, and thereby the 
^tire complex becomes mobile. He designates the phenomenon as tautomerism. 
Discarding the uncertainty introduced into the clpjssification of the cJtrbon com¬ 
pounds by the acceptance of this view, it has been noted that carbon compounds 
which Laar considers mixtures of structurally isomeric bodies do not differ in their 
physical propt^rties from carbon compounds which offer no place in their structure 
for this equivocal assumption. By the assumption of tautomerism with the 
underlying meaning assigned it by Laar, the experimental solution of the problem 
as to the conditions under which pseudo-forms arc capable of existence is without 
object. Although from the nathre of the case the identification of easily alterabi^ 
intermediate reaction-products must continue •to begone t>f the most difficult 
problems, yet success has been met with in quite a number of cases. At a time 
when chemical investigations at very low temperatures can so easily be pxried 
on by means of readily obtainable liquid air, experiments on the conditions of 
existence of labile modifications wfff be st^tcd%fresh. 

The preceding section was prepared in 1893. Since then, numerous confirma¬ 
tions of these views have been found. The ketones constitute the most im^rtant 
class of compounds, which tautomeric. 4 i*them, as in acetoacetic ester, the 
oscillation is between the paraffin ketone and the olefine hydroxyl or enol 
formula (p. 40). 


The investigations of Claisen (A. 291, ; 297, i), Guthzeii (A. 285, 

35), W. Wislicenus (A4 291, 147), Knorr (A. 293, 70; 808, 133 ; 806, 
332), P. Raahe (B. 82,84), Dimroth (A. 885, i), and others have demon¬ 
strated that there exist compounds of the form—^OH) , 
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which readily passSnto the form—CO—CH—CO—and conversely 
’are easily produced torn the latter: “ The character of the added 
residue, the temperatufc and the nature of the solvent, in the case of 
dissolved substances, deS^^rmine whic^ of the two forms will be the 
more stable.” Claisen dargnates the acidic enoMoxm the ^-compound 
and the neutral ^^to-form ihe ^-body/tf.g.‘ 


COC-H. , 

• I 

g-Tribenzoyl Methane CgH4C(OH)=C—COC^Hg 
^ * COCgH,/ 

i I . I 

* iS-TribAftoyl Methane C.HjCO—CH—COCgHg. 

4 

The system of nomenclature proposed hy Hantzsch for pseudomeric 
substances (B. 38,1000) appears to be most suited for its purpose. If 
the accustomed name refers to a ” pscudo-acid ” (the weaker acid or 
neutral form), then the name of the real acid is characterized by the 
prefix ” aci ”; for instance, CH3CO—CH2—COOC2H6 is called aceto- 
acetic ester, and CH3C(OH) =CHr—COOCgHg is named aci-acetoacetic 
ester. 


usual name denotes the strong acid, then that* of the 
pse udo-acid is prefixe d by the word ” pseudo, " as, for example , 

dH2.C(OH) =CH—C 0.6 is called tetronic acid, andtHg.CO^CH^—CO.i) 
is pseudo-i^ixomc acid. i 

Claisen was the first to show that, in the above example of the two 
tribenzoyl methanes, only compounds having the a- or aci- constitution 
form salts direct; the /?- or pseudo-form yields no salts of the type 

CO—^Me -CO, but gradually changes when in contact with bases, 

into the salt of the aci-form CO—C=C(OMe) (see p. 41 ; slow or time 
isomerisation phenomena). * • 

The change of phenyloxybiazole carboxylic acid ester from one 
pseudomeric form into the other has been quantitatively determined 
by Dimroth by titration with potassium iodo-iodate. He found that 
only the aci-form precipitated iodine while forming a ^alt, and that 
the pseudo-form remained unaltered. 

Substances such as acetoacetic ester, malonic ester and others 
"^possessing the grouping—CO—CH2—CO“ are considered to exist in 
the pseudo-form, since only one form has been isolated, and this yielded 
no salts of its own; those wliich have been obtained, are metallic 
hydroxyl-substitution compounds of the aci-form. 

The phenomenon of psouddmeri^iii in these compounds can be 
further complicated by thq intei'vention of stereoisomerism (p, 32) in 
enohforms (see Diacetosuccipi^ acid ester, Krorr, A. 806 , 332; Formyl 
phenyl acetic ester, Z. phys. Ch. 84, 46, etc.; on the other hand, 
see Michael, B. 39 , 203). 

Physical methods have proved exceedingly helpful in determining 
the constitution of the pceudomers, and in following the^mutud 
interchange of forms; Molecular refractions in particidar have been 
, determined, as, for instance, in the case of acetoacetic ester and its 
salts {Briihl, Jj^r. Ch. [2] 60, 119; B. 88, x868; Halhr and MuUer^ 
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C. 1905,1.349, etc.); as well as dielectrical cons^ts (Drude, Z. phys. 
Ch. 28» 308), and the magnetic rotation [Perkiis, S^h,). 

The investigations of Holleman (B. 88, 291^) and of Ha^sch have " 
enabled the^presence of pseudomerism to beraetected by electric con* 
ductivity measurements. This is only po^ble when one of the two 
possible forms is a weaker electrolyte than the other, as, for example, 
in the case of certain nitro-fatty bodies—R.CH2NO2, R.CH(N02)2- ^ 
€uch compounds are gradually changed by alkalies into isonitro- 
bodies, RCH=NOOMe, etc.; and from these salts thc^ddition of the 
equivalent quantity of hydrochloric acid liberates me isonitro-bodv 
itself. In solution "■these iso-compounds revert *to the trfle nitro« 
body with a greater or leSs velocity which can *be followed by the 
diminution in electric conductivity, and*the gradual disappearance 
of the red colour given with ferric chloride, which is a general cha 
racteristic for the aci-form of a compound (slow or time isomerization 
phenomena, B. 89, 2089, 3149, 2265). 

Chromopseudomerism or Halochromism is the name given to the 
phenomenon of a colourless or feebly coloured substance yielding a 
strongly coloured salt with colourless bases or acids. Such an occur¬ 
rence was referred by Hanizsch (B. 89,3080) to pseudomerism, where a ^ 
colourless pseudo-electrolytic rascal yielded a coloured ion. I^fR^les 
of •this are found, in the coloured salts of nitroform, violuric acid, etc. 

Halochromism is specially developed in the ortho- and para-deriva- 
tives of the benzene series (see Vol. II.), which behave, on the one hand, 
like the mostly* colourless true benzene compounds, and on the other 
like the mainly strongly coloured derivatives of quinone; this class 
of bodiesjncludes 0- and p- nitroso- and nitrophenols, 0- and p~ anpno-' 
and oxyazo- bodies, derivatives of triphenyl carbinol, etc., classes of 
bodies to which the coal tar dyes belong, to which the study of pseudo¬ 
merism is of special importance. F. Baeyer and others (B. 88, 570; 
39,2977) consider halochromismcan also occur in certain cases mthout 
any real alteration in structure occurring. Pris is brought about by 
one of the ordinary carbon valences charging into a so-called carbonium 
valence, v/hich^Baey^r represents by a wavy line ; as for example : 


(C.H,),C—OH (C,Hg),C-O.SOgH. 

Triphenyl Carbinol, Tripbenyl Carbiayl Sulphate, 

colourless. coloured. 

In all the cases which have been considered,'the interchangeable ’ 
isomers have belonged to two different classes of compounds with quite 
different chemical characteristics. There exist, however, substances 
which according to their mode ot^repsaratiin should give rise to two 
forms belonging to the same class, but whicjj have turned out to be 
identical with one anothe^ as, for example, diazoamido-compounds, 
amidines, formazyl derivatives of the gener^ 

^NX yNHX 

Kr and R< 

\NHY X'NY 


where R represents N in diazoamido bodies, CH in the aznidines, and 
N: CH,N in the formazyl derivatives. This explains t^ absence of 
certain isomerism jihenomena in pj^prole, and such azoM as pyrazole 
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and triazole (see VoK^II,), and also in the ortho-di-derivatives of ben- 
z^e (Vol. IL, the ConWitution of Benzene), etc. Attempts have bpen 
made to explain these ^enomena by assuming oscillations of Kektdfs 
valences* (Knott, A. 279lL i88); andf this is further complicated, in 
the case of pyrrole and th\azoles, by the wandering of a if atom,. For 
the phenomenon itslef suggests the name Phasoitopistn (B. 27, 
3396), whilst V> Pechmann ^uts forward the term vittual tauiomerism 
(B. 28,2362). • • 

THE N(^ENCLATURE OF THE CARBON COMPOUNDS 


• • • v* 

• The steadily increasing number of carbon derivatives has shown the absolute 

necessity definite principles should determine their designation. The absence 
of such general and international rules (where they were possible) has led to great 
confusion in the nomenclature.^ 

Compounds originating from plants and animals received napies that indicated 
their origin, and often at the same time their characteristic chemical properties : 
urea, uric acid, tartar, tartaric acid, formic, oxalic, malic, citric, salicylic acids, 
etc. With a large class of bodies, e.g. the bases, glucosides, bitter principles, 
fats, etc., it was customary to employ the ending “ ine ” : coniine, nicotine, 
guanidine, creatine, betaine, salicine. amygdaline, glycerine, stearine, etc., and 
in the terminations al, ol, an, en, yl, ylenc, ylidene, the effort was made to show 
the similarity of certain compounds, without, however, proceeding in a connected 
wayr’ 

The more thoroughly the constitution of bodies became known, the greater 
was the desire to indicate by names the manner in which the atoms were united. 
This was especially true in the case of isomeric compounds. The manner in which 
this was done, however, jvas left to the choice of the individual, and thus it 
happened that often one and the same derivative received different names, which 
possessed fundamentally equivalent meanings. 

Of the early suggestions on nomenclature, that of Kolbe (A. 113 , 307) on 
carbdnoi deserves special consideration. As is known, Kolbe referred the names of 
the monohydroxy saturated alcohols back to the name carbinol. In order to 
make this principle more general, it becomes necessary to ascertain the carbinol 
or carbinols for each class of compounds—that is, to find those bodies from 
which the homologues might be derived, just as the monoh^roxy saturated 
alcoho]|S might be deduced from methyl alcohol or carbinol. Wimout attempting 
at this time to determine libc limits of the " carbinol nomenclature,*' it will sufiice 
to remark that in the case of the paraffin dicarboxylic acids all the normal homo¬ 
logues are the carbinols ; e.g. *maionic acid, succinic acid, normal glutaric acid, 
adipic acid, etc. Indeed, names such as monomethyl mtrionic ^cid, ethyl methyl 
malonic acid, symmetric and unsymmetric dimethyl succinic acid, etc., are so 
readily understood that they are preferred by many chemists. 

In order to minimize eis far as possible the arbitrary nomenclature of organic 
compounds, i mqpting was convened in Geneva, in 1892, of the clfemists of nearly 
all the civilized countries, fqf the purpose of agreeing on a method of indicating 
tfie constitution of carbon compounds in a consistent and clear manner. The new 
" official ** names adopted by the Geneva Convention will, in the case of certain 
important series of compoui^s, be observed in the present text; they will be 
enclosed in brackets— e.g, [cthen^ for dlv^ylene, [cthine] for acetylene, etc. The 
designations of the simpler |>odies—the names justified from an historical stand- 
p6int and deduced from important reactions—will not be wholly eliminated. 
Thus, the names ethyl hydride, dimethyl or ilcthyl methane will be used for 
ethane, depending upon what relations are especially to be emphasized. 

The new nomenclature proceeds from, or begins with, the hydrocarbons. The 
name of the hydrocarbon serves as the root for the names of those substances 
which contain their carbon^atoms arranged in a similar manner. The different 
classes of bodies are distinguished by the addition of suffixes to the names of the 
hydrocarbons: alcohols end in ol, aldehydes in al, ketones in one, and the acids 
in aeid—e.g, [ethanol] = ethyl alcohol, [ethanal] ==acetaldehyde, [i)iopanon6] 
■■acetone, r^panal] propionic aldehyde, [ethane-acid]—acetic acid. These 
examples wiU^ffice. The more detailed consideration will be given to the various 
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Classes of bodies, which are discussed. The principles of this nomenclature 
have already been found difficult of application,^specially in attempting 
to indicate in name a compound having a mix^ character— e.g, ^e body 
COH—CHg—CHOH—CO—CO,H, which would pentanolalone-acid. The 
accumulation^of suffixes, each of wnich possesses % meaning peculiair to itself, 
has conduit rapidement 4 de? termes bizarres/ d’une complication facheuse 
et d'une prononciation difficile ** {AnU Pictet). 

For the decisions of the International Congress of Geneva, convened XQth to 
^nd April. 1892, for the purpose of co-ordinating chemical nomenclature, see 
Niemann (B. 26 , 1595): fsttate*s proposals (C. 1898, 1 . 17). On the nomen¬ 
clature of ring-compounds, see Vol. II.; also M. M. Richter (J^. 20 . 5S6). 

In order to distinguish the more frequently occurring radici^ of the same kind, 
such as the univalent hydrocarbon residues, both aliphatic ^nd aromatig, the name 
alkyl has been accepted. In di^erentiating between th^ two classes alphyl refeia 
to the aliphatic residues and aryl to the aromatic; whilst aromatic residues 
possessing aliphatic characteristics are referred to as alpharyle. Carboxylic acid 
residues, too, are referred to as acyl *and difierentiatSd into alphacyl and aracyl 
(C. 1899, I. 825). • 


PHYSICAL PROPERTIES OF THE CARBON COMPOUNDS 

It can, in general, be foreseen that the physical as well as the 
chemical properties of carbon compohnds must be dependent on their 
composition and constitution. Such a regular connection has, how-^ 
ever, only been determined for a few properties, of which the^llCTving 
sefve chiefly for external characterization;— 

1. Crystalline form. 

2. Specific gravity*, density. t 

3. Melting point. 

4. Boiling point. 

5. Solubility. ^ 

For the investigation of constitution the following properties are 

of importance :— • 

6. Optical properties. 

* (a) iJefraction. • ^ 

* (b) Dielectric constants.* • 

(c) Optical rotation. -• ^ 

(d) Magnetic rotation. 

7. Electrical conductivity. 


I j CRYSTALLINE EORM OF CARBON COMPOUNDS 

•• • 

The xrystalline form of a carbon derivative is one of its most im¬ 
portant distinctions, whereby a body may be recognized most definitely 
and differentiated from other su^tanc^s; so that the preparation of 
organic substances in the form m crystals Snd their examination has 
been of the greatest value in organic chvJmistry, The more com¬ 
plex the constitution of » substance, theviless the symmetry of its 
cr3^tals (B. 27, R. 843). The crystalline forms of isomeric bodies are 
always different. Many substances may assume two or more forms; 
they are dimorphous, polymorphous, but each is characterized very 
demitely by particular conditions of formation and existence. 

* This is, strictly, an electrical constant, but owing to its close connectioil 
with optical refraction, it is convenient to include it here, as m the Genaan 
edition. (Translator’s note 1 w 
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, When it is possiblAtor a Compound to ciystallize from the same solvent in 
difierent forms, only oi^ can separate within definite ranges of temperature. 
Tne limit between these ^nes, the tempera^re of transformation, is theoretically 
expressed by the poinilof intersection of the solubility curves bf the 
two crystalline forms. It u o^y the onb or the other form that can appear 
under normal conditions aVLov^ or below this temperature. From super¬ 
saturated solution, and indeed a supersaturated solution of the two forms, 
it is possible by the introduction of one or the other form, to pbtain each 
of the two kinds of crystals, and, indeed, both together, but only so long as the 
superaaturation continues. After that, oi(e of tiie two forms will gradually 
dissolve and th^t one will remain which is the more stable at the temperaltore 
of experiment, vhe temperature ^f transformation varies for each solvent, and 
when impurities are present in the substances a ^eater or less variation in the 
^temperature will occUr^ according to the degree of impurity. 

Ihe existence and stability of a definite modification of a polymorphic sub¬ 
stance depends to a great extend on the temperature, of which the influence, how¬ 
ever, is not always the same. In the case of perchlorethane €,€!«, rhombic, tri¬ 
clinic, and regular crystal forms' are successively assumed during a gradual rise in 
temperature, whilst on cooling, the same series is passed through in reversed order. 
The change is said, therefore, to be reversibh, and polymorphic substances of 
this kind are called enanHotropic {Lehmann). With other bodies, however, 
one modification may be labile and the other stable, so that the first form 
changes into the second, and not vice vers/f. As an example, paranitrophenol 
C,H4.0H.N02 (1,4) may be taken. On solidification from the molten state, or 
^ from a hot solution, it crystallizes in the cdlourlcss labile form. This, on standing, 

' turn5dn±4j;he stable ycllowish-rcd modification, which is quite different in its cleav¬ 
age and optical properties from the first. It can also be obtained by crystallising 
from a cold solution. Such substances, which undergo a change in one direction 
only, are called monotropic. In many cases, however, a rigid grouping of the 
numerous polymorphic organic bodies in one or othei*of the two groups is not 
always easy. For the assumptions necessary for the explanation of the pheno¬ 
menon, sec Zincke (A. 182 ,244] and Lehmann (Molecular physik, Leipzig, 1888/89) * 
Graham-Otto (Lehrbuch der Chemie, Vol. 1 ., Part 3, p. 22, 1898}. 

At the present time little is known about the inner connection between the 
crystalline form and chemical constitution of carbon compounds, but it has 
bgen found, for example, that the slightest variation in chemical constitution 
does afiect the amount of rotation exhibited by optically active compounds, Man^ 
such substances possess a hemihcdral form, and the two optically active modi¬ 
fications of a carbon ^compound, although they exhibit the same geometrical 
constants, arc distinguished by peculiar left and right types {enantiomorpHbus 
forms); they are not superposablc. The dificrence between two such com- 

g ounds, in which the atoms are stmilarly united, is only due, according to the 
3rpothesis of an asymmetric carbon atom (p. 30), to the difference in arrangement 
of the atoms within the molecule. From this it follows that this variation in 


arrangement finds expression ixuthe cxystalUne form (comp. B. 29 | 1692). 

Laurent, Nichlis, ae la ProvStave, Pasteur, Hjortdahl (see F. N. Hdw. 8| 855) 
investigated tae influence that chemical relations of organic bodilb exerted upon 
‘ the geometrical )>ropeHies qf their crystals. This problem, however, first 
app^ed in the forefront of crystallographic study after P. Groth introduced 
the idea of morphotropy (Pogg. A. 141 , 31). By this term was understood the 
phenomenon of regular ^tera^ion of crystalline form produced by the entrance 
of a new atom or atomic group foiPhydrt^n. Groth, HinUe, Bodewig, Arsruni, 
and others frequently called attention to such morphotropic relations particularly 
with the aromatic bodies (comp. Physikal. Chemie der Krystalle von Andreas 
Arsruni, 1893). . • • * 

The recogmtron of the connection be^yreen crystalline form and chemical 
constitution is rendered more difficult by the fact that as yet an accurate 
determination of the magnitnde of the crystal-molecule or crystal-element cannot 
be made. The possibility of doing this in the future may perhaps be found in 
van V Hoffs theory of solid elutions. As to the rtle of water of crystalliation' 
in the salts of organic acids, consult Z. phys* Ch. 19 » 441. 
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SPECIFIC GRAVITY OR DENSITY 

J 

2 . SPECIFIC GRAVITY OR DEJMTY 

By this term is understood the relation o^Tthe absolute weight of 
a sutetance to the weight of aa equal volume of a standard body. 
Conventional units of comparison are water for solids and liqui<fe, 
and air or hydrogen for gaseous bodies (see p. ii). The number repre¬ 
senting the specific gravity of a compound is as great as that repre¬ 
senting its density. It frequewtly occurs, therefore, that the terms 
specific ^avity and density are used interchangeably^ 

Density of Gaseous Bodies. —For these, as we have iflready seen, the 
relation of the specific' gravity (gas density) to the chemical icomposi- 
tion is very simple. Since; according to Avogudro's law, an equaf 
number of molecules ^re present in equal volumes, the gas densities 
stand in the same ratio as the molecular .weights- Being referred to 
hydrogen as unit, the gas densities are one-half the molecular weights. 
Tlierefore, the molecular volume^ i.e. the quotient of the molecular 
weight and specific gravity, is a constant quantity for all gases (at 
like pressure and temperature). 

Density of Liquid and Solid Carbon Derivatives. —In the liquid and 
solid states the molecules are considerably nearer each other than ^ 
when in®the gaseous condition. The size of the molecules and^heir 
distance from each other, which increases in different degrees with 
rise of temperature, are unknown, so that the theoretical bases for 
deducing the specific gravity are lacking. However, some regularities 
have been established empirically, which, by comparison with the 
specific or molecular volumes, give the ratio of molecular weight to 
specific gravity. 

The relations between the specific volumes of carbon compounds were first 
systematically studied by H. Kopp, in 1842 (A. 64 ,212 ; 92 , i ; 94 ,257 ; 96 , ify, 
etc., to 250 , 1). He felt justified from his observations in proposing: “ That 
thj^ specific volume of a liquid compound (molecular volume) at its boiling point 
is equal to the sum of the specific volumes of its constituents (of tho atomic 
volumes), and that every element has a definite atomic Volume in its compounds.** 

From this it would follow that: (i) Isomeric compounds possess approxi¬ 
mately like specific volumes; (2) like differenced in specific volumes correspond 
to like differenced in composition. 

The more recent researches (Lessen and others (A. 214 , 81, 138; 221 , 61; 
224 , 56 : 226 , 109; 223 , 249, 316 ; 248 , i): R/^chiff (A. 220 , 71, 278) ; Borst- 
ntann (B. 19 , Tfi 79 ; 20 , 766 and^ 21 , 22x1, etc.), b^ed upon an,abundance of 
material, and at toe same time giving due consideration tctthe structural relations • 
of the carbon compounds, prove conclusively that the supposed regularities, 
mentioned above, are unfounded. In fact, isomeric compounds do not possess 
equal molecular volumes, and their atomic volumes are not constant. The ' 
volume for the difference CHg is not epnstant^in the different homologous series, 
nor is that of hydrogen (A. 238 , 318 20 , 767^! nor that of oxygen (A. 288 , 

322; B. 19 , 1594). M. W. Richards has shown toat the atomic volume is 
function of temperature and pressure, and probably, also, of electric potential 
(Z. phys. Chem. 40 ,169). For toe molecular solifti6n-v(dume, see Traube (A. 290 , 
,43; B. 28 , 2722). 

Hence the molecular volumes do not represent th9 sums of the atomic volumes 
(the latter are scarcely determinable), and the specific gravities and molecular 
volumes depend less upon the volume of the atoms than upon their manner of 
linkage and upon the structure of the molecules. Therefore, to deduce regularities' v 
in the specific volumes it is'first necessary to consider carefully the chenUcal 
structore of the compounds. In this connection the influence of the double 
union of the C- atoms in the unsaturated compounds anti ring-linkage 

^ % 
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in the benzene derivatives^ is significant. Assuming that the molecular volume 
of hydrogen is known al^ is equal to 5'6, it becomes possible to calculate the 
mAecular volume of an misaturatcd olefine compound if the molecular volume 
of the corresponding satura^d paraffin body is known. Thus, pentane bXI 7'X7 ; 
tWefore amylene =ii7'i7—2 X5‘6=io5'^7. In fact, the molecular volume 
of amylene equals 109*95. Consequently 109-95—105*97=3*98—^the increase 
in molecular volumes caused by the double linkage in amylene (A. 226 , 298; 
221 , 104 ; B. 19 , 1591 ; 20 , 779)- The divalent union is therefore less intimate 
(pp. 21, 35), and the unsaturated compounds consequently show a greater heat 
of combustion (A. 220 , 321). ** • 

In the conversion of benzene hydrocarbons into their hexahydrides there is an 
increase in volumi*which is three times as great as in the conversion of the olefines 
into their corresponding paraffins. ** This would emphasize the theory that in 
* '* * the benzene nucleus there are three doubly-linked 

** carbon atoms. The specific gravities of the benzene 
hexahydrides are notably greater (consequently the 
molecular volumes are smaller) than those of their 
corresponding olefines, and that accounts for the fact 
that in the ring-linking of the C- atoms in the 
benzene nucleus there is an appreciable contraction 
in volume (A. 225 , 114 and B. 20 , 773); Horstmann 
(B. 21 , 2211); Neubeck (Z. phys. Chem. 1 , 649). 

Schroeder determined the specific volumes of a 
number of solids (B. 10 , 848, 1871; 12 , 567, 1613; 
14 , 21, 1607, etc.). 

In determining the specific gravity of liquid com¬ 
pounds, a small bottle—a pyknometer—is used, *of 
which the narrow neck carries an engraved mark. 
More complicated apparatus, such as that designed by 
^rnkl, based on Sprengel's f#rm, is employed where 
greater accuracy is sought (A. 203 ,,4) (Fig, 7). De¬ 
scriptions of modified pyknometers will be found in 
Ladenburg's Handworterbuch, 3 , 238. A convenient 
form by Ostwald is described in J. pr. Ch# 16 , 396. 
To obtain comparable results, it is recommended to 
^ make all determinations at a temperature of 20^ C., 

and refer these to water at 4^ and a vacuum. If m represents the weight of 
substance, v that of an equal volume of water at 20®, then the spqpific gravity at 
20® referred to water at 4® and a vacuum (with an accuracy of four decimal^, 
may be iscertrined by the/ollowing equation (A. 203 , 8) • 
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To find the specific volumes at the boiling temperature, the specific gravity 
at some definite temperature, the coefficient of expansion and the boiling point 
must be ascertained ; with these data the specific gravity at the boiling point 
is calculated, r.nd by dividing the molecular weight by this, there results the 
•specific or moleculdy volttme. Kopp*s dilatometer (A. 94 , 257), Thorpe (J. Ch. S., 
87 , 141). Weger (A. 221 , 64), is*^ employed in obtaining the expansion of liquids. 
For a method of obtaining the direct specific gravity at the boiling point, see 
Ramsay (B. 12 , 1024), Schijf ik. 220 , 78; B. 14 , 2761), Scholl (B. 17 , 2201), 
Neubeck (Z. phys. Ch., 1 , 652).® c 

Kanonnikow, as well as Ko^ and his followers, employed the '' true density ” 
in his calculations, not the figure as found directly. This he took as being the 
reciprocal of Lorenx^s refraction ronstant, since, <..ccording to the Clatisius and 
Mosotti theory, it constitutes the fraction of the total volume of a body which is 
actually occupied by the molecules themselves (C. 1899, 11 . 858; 1901, 1 .1x90). 


3. MELTING POINT (FUSION POINT BP.) 

« 

Every pure compound, if at all fusible or volatile, exhibits a 
definite meltii^ temperature. It is customary to determine this for 
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the characterization of the substance, and as a of its purity. The 
melting point of a pure compound is not change^ by recrystallizatio®. 
The slightest impurities frequently lower the melting point very con¬ 
siderably, wjiereas when foreign substances are present in larger 
amounts the melting point is irregular and not well defined— i,e. there 
is not a definite melting point. If two different substances have the 
same melting point, a mixture of them, will show a considerably 
lowered melting point. The converse of this is of importance when 
' establishing the identity of two bodies—^the mixture must have the 
same melting point as each of the separate substaifces. Pressure 

influences the melting point to a very slight degree., » # 

) ' ^ 

In many crystalline carbon compounds a double melting point is obsei^^ed. 
When heated, the substance first melts to a doubly refriviting, turbid " crystalline 
liquid " (Lj)i which becomes clear and isotropic at a higher temperature (L|, the 
“ clearing point "). On cooling the reverse order of changes may be observed : 


L. L, 

Solid crystals ^ *' Crystalline liquid ^ Amorphous liquid. 

The phenomenon apparently depends on cilemical constitution, and is observed 
mainly in aromatic compounds, chiefly acids, acid esters, ketones, and phenolic 
ethers, which belong to the azoxy* or azo< series, or which contain g^oup 
ArG-NAr 

X/ or ArC=sNAr; and also in the cholesterol compounds, etc. (see 
O 

B. 89 , 803, bibliography ;• Z. phys. Ch. 67 , 357). ^ 

DeUrminaiion 7/ the Melting Point .—The most accurate method would be to 
immerse the thermometer in the molten .substance ; this, however, would require 
large quantities of material {Landolt, B. 22 , K. 638). 

Ordinarily, a small quantity oC the finely pulverized material is introduced 
into a capillary tube, closed at one end, which is attached to a thermomete]^, for 
instance by a thin platinum wire, in such a way that the thermometer and capilla/y 
tube are'on the same level. Alternatively, the substances may be pressed between 
two cover glasses (C. 1900, 1 . 241). A beaker containing sulphuric acid or liquid 
paraffin is used to furnish the heat, which is kept unifomvthroughout the liquid 
by' agitation with a glass stirrer. A long-necked ^ask, containing sfilphuric 
acid, is sometimes employed, in which a test tube is inserted or fused : in the 
latter case it is necessary that the flask should he provided with a side-tubnlure 
(Fig. 8 ) (B. 10 , iPoo; 19 , 1971; 5 , 337: C. 1900, II. 409). 

When the mercury thread of the thermometer extends far above the surface 
of the bath, it is necessary, in accurate determinations, to introduce a correction, 
by adding the value n(T<»/) 0*000154 to the observed point of fusion, where n 
is the length dtthe mercury colflmn projecting beyond the batb'expressed in 
degrees of the thermometer, T is the observed teiqperature, add t the tempera- 
ture registered in the middle of the projecting portion of the mercury column; 
0*000154 apparent coefficient of expansion of mercury in glass (B. 22 , 

3072 : Literature and Tables). After the meltin^point has been approximately 
determined with an ordinary thcrmonik^er a xftore accurate determination may be 
made by introducing a shorter thermom» 5 ter, divided into fifths, with a scale carry¬ 
ing a limited number of degrees (about 50®). (See tig. 8.) • 

The lack of agreement betv^teen the melting-points of the same compound as 
determined by diSerent workers, is often sufficient to prevent identification. This 
is not so much due to the thermometers as to the manner in which the deter¬ 
mination is made. By rapid heating the mercury of the thermometer will ^t 
have time to assume the fusion temperature. In f^e region of the melting point 
the heat must be moderated so that during the course of the fusion the thermometer 
rises very slowly. Far more ^concordant figures might be obtained if a general 
use of short-sc^e thermometers were adopted and the time agreed upon fot the 
mercury of the thermometer to rise through one degree of the jpsdc during the 
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«observation. For the^etermination of low mel^g joints by means ot the 


26 . 





1052; B. 88, 637. For the determination of the 
melting points of organic bodies fusing at 
high temperatures, see B. 28 , 1629; at red-* 
heat, B. 27 i 3x29; of coloured compounds. B. 8, 
687; 20, 3290. 

Regularities in Melting Points, —(i) In the 
case of isomers it has been observed that 
'che member possessing the most symmetrical 
structure generally shows the highest melting 
point; for instance, among the aromatic series, 
para-compounds melt at a higher temperature 
than ortho- or' meta-compounds. (2) Of the 
alkyl esters of the carboxylic acids those with 
the methyl residue have a higher melting point 
than that of the next homologucs (see oxalic 
esters). (3) In homologous series with like link¬ 
ages the melting point alternately rises and falls 
(see saturated normal aliphatic mono-and dicar- 
boxylic acids, B. 29 , R. 411; C. 1900, 1 . 749), The 
members, having an uneven number of carbon 
atoms, have the lower melting points (Baeyer, 
B. 10 * 1286). This is also true of acid amides 
having from 6 to 14 carbon atoms (B. 27 , R. 551), 
and for the normal primary diamines (C. 1900, 
11 . 1063 ; 1901, I. 610, etc.: Z. phya Ch. 60 , 
43). (4) In the case of the benzene nit^'o- 

compounds and their derivatives—the azoxy-, 
azo-, hydrazo-, and amido- bodies—as well as 
the corresponding diphenyl compounds, it has 
been observed that as oxygen is withdrawn 
the melting point rises until the azo-derivatives 
are reached, when it descends to the amido- 
bodies (< 7 . Schultz, A. 207 , 362). Tc^all these 
regularities among melting points there exist 
numerous exceptions (Graham-Otto, Lehrbuch 
der Chemie, Vol. I. part 3 (1898), p. 505; 
Franchimont, C. 1897, II. 256). For the melting points of mixtures, sec B. 
29 , R, 7,9. 





Fig. 8 . 




4. BOILING ?OINT ; DISTILLATION 

The boiling points of carbon derivatives, which are vblatile without 
decomposition, are as important for the purpose of characterization as 
the melting points. In case ®f the latter the influence of pressure is 
^so slight that it ,can be neglected, but thb former vary v8ry markedly 
when comparatively inappreciable changes in pressure occur. Hence in 
stating a boiling point accurately it is necessary to add the pressure 
at which it was observed. When the quantity of material is ample 
the boiling point is determined by di^iillation. For the determination 
of the boiling points of very small amounts of liquids, see B. 24, 2251, 
9441 19. 795: 14,88. . r c 


DistiliaHan under Ordinary Pressur$:^FoT this purpose a special flask is 
employed, the long neck of which is provided with a side tube pointing downwards 
at an angle. The neck of the flask is closed with a stopper, bearing a thermometer. 
It must not be forgotten thabvery frequently the vapours of organic substances 
attack ordinary corks or those of rubber, therefore the exit tube should be placed 
.a considerable distance from the end of the neck; or the neck may be narrowed 
at the upper and the thermometer held in position by means of a piece of 
india-rubber tu^g passed outside it. The mercury bulb of the theroaometei: 
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■hoold be slightly below the level of the exit tube in the ifieck of the flask. The 
latter should be at least one-half filled with the liquid distilled. ^ 

If the thermometer is not wholly immersed in the vapour, the external mercuty 
will not be heated to the same degree as that on the interior, hence the 
recorded temp^ture will be less thanethe true one. The necessa^ correction is 
the same as wit which has already been given for the melting point. By using 
a shortfer thermometer with a scale not exceeding 50^, which can be wholly 
surrounded by the vapour, the correction becomes unnecessary. 

In general, when the boiling point ''under ordinary pressure" is recorded, 
ilris understood to mean at 760 mm. c€ mercu^. If the barometric column docs 
not indicate this amount during the distillation, a second correction is necessi¬ 
tated (B. 20 a 709 •' LandoH^Boernstein, Tabellen, 3rd edition, 1905, p. 177). To 
avoid this it is advisable to adjust the pressure in the apparatus to the normal, 

for which purpose the regulators of Bunte (A, 168 a ^ 39 ) and^ 
Lothar Meyer (A.* 165 a 303) are suitable.* * 

Distillation under Reduce^ Pressure,* —Attention has already 
been directed to the . great variatioi^ in boiling points with 
variation in temperature. Marty carbon derivatives^ whose 
dc^mposition temperature, at the ordinary pressure, is lower 
than that of their boiling points, can be boiled under reduced 
pressure at temperatures below the point at which they break 
down. Distillation under reduced pressure is often the only 
means of purifying liquids which decompose when boiled at 
the ordinary pressure, and Vhich cannot be crystallized. This 

• method is of 

primary* im^rt- 
ance in scientific 
research in the 
laboratory, and 
is rapidly being 
introduced into 
technical opera¬ 
tions with much 
success. 

Distillation 
under reduce^ 

pressure of easily solidifying bodies has been facilitated by the 
introduction of flasks to which receivers are fused or groupd in 
(Fig. 9). The thermometer is introduced ii^fo a thin-walled tube 
drawn out into a capillary, the othcr^iid of which is^closed 
with rubber tubing and a clip. A slow current of gas is drawn 
through the liquid during distiflafion, and in this way bumping 
is avoided. The distillation flask is best heated in a bath. Usually the pressure 
is lowered by means of a water pump, but when it is desired to distil at 
pressures lying near the absolute vacuum, it will be found advantageous to use 
a Sprengel mercury pump, which is set into motion, according to Babo*s. 
method, by means of a waW suctipn pump ; compare Kahlbaum ( 1 >. 27 , 1386) ; 

F. Krafj^ and H. Weilandt (B. 29 ,1316); Precht (B. 29 ,1143). • 

A still simpler method of attaining very low presSures consists in the employ¬ 
ment of liquid air. A vessel, containing very finely divided pure blood-charcoal, 
or cocoanut charcoal, is interposed between the apparatus illustrated in Fig. 9 
and the air pump. On cooling it with Mquid air ti|^ small amount of gas left in 

the apparatus condenses in the charcoal, and the pressure fa)ls to a fraction 

* 

9 e • 

* Compare Anschutz and Reitter, Die Destination unter vermindertem 
Dnick im Laboratorium, 2nd ed., 1895, Bonn. The tables in this book record 
the boiling points of over 400 inorganic and organic substances under reduced 
pressure. George W, Kahlbaum, Siedetemperatur und Druck, Leipzig, 1885. 
Dampfspannkraftsmessungen, Basel, 1893. Meyer W^tdermann, Die Siedetemper- 
aturen der Korper sind cine, Funktion ihrer chemischen Natur (B. 22 , 1354, 
1468). W, Nernst and A» Hesse, Siede- und Schmelzpunkte, Brauas^weig, 

1893. • 

VOt. I. 
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of a millimetre. If the apparatus is filled beforehand with CO|, the charcoal 
c^n be omitted (B. 38 ,\i 49 ). 

For distillation under any pressure, the apparatus of Siaedel (A. 195 , 218; 
B. 13 ,839), and Schumann (B. 18 ,2085), may be used. For mercury thermometers 
registering temperatures to 550°, sec B. 2 G, 1815 ; to 700®, B. 27 ^ 470. 

Fractional Distillation. —Liquids having different boiling ^points can be 
separated from mixtures by fractional distillation —an operation thaf is per¬ 
formed in almost every distillation. Portions boiling between definite tempera¬ 
ture intervals (from 1-10°, ctc.^are collected separately and subjected to repeated 
distillation, those portions boiling alike being united. To attain a more rapid 
separation of the rising vapours, these should be passed through a vertical tube, 
in which the vapours of the higher boiling compound condense and flow back, 
as in the apparatus employed in the rectification of spirit or benzene. To this 
'end therfc is placed on the boiling flask a so-called fractionating column of Wurtz. 
Excellent modification^ of this have been described by Linnemann, Le Bel^ 
Hempel, Young, and others, y For the action of these "heads," see A. 224 , 
259 ; B. 18 , R. lor, andiA 247 , 3 ; B. 28 , R. 352, 938 ; 29 , R. 187. The action 
of these fractionating columns is increased if enclosed by q, highly evacuated 
jacket (B. 39 , 893* footnote). 

Relation of Boiling Point to Constitution.* —(i) Generally the boiling point 
of members of a homologous series rises with the increasing number of carbon 
atoms. (2) Among isomeric compounrls of equal carbon content, that possessing 
the more normal structure boils at a higher temperature. The addition of the 
methyl groups depresses the boiling point. It is noteworthy that the lowest 
boiling isomers possess the greatest specifib volume (B. 15 ,2571). (3) Unsaturated 

con^pousds boil at a higher temperature than those which, are saturated. (4) The 
substitution of a hydrogen atom by a hydroxyl group raises the boiling goint 
about 100®. 

The connection existing between the boiling points and chemical constitution 
of the compounds will b^ discussed later in the several homologous groups. 


5. SOLUBILITY 

( 

The hydrocarbons and their halogen substitution products are 
dther insoluble, or only very slightly soluble, in water. They dissolve, 
however, very readily in alcohol and in ether, in which most other 
carbop derivatives are also soluble. 

V t> 

Ether, but slightly miscible wi^i water, is employed to extract many substances 
from their aqueous solutions, Separating funnels being used for this purpose. 

The more oxygen a compound contains, the more readily sokible is it in water ; 
especially is this true when several of the oxygen atoms are combined with 
hydrogen, i.e. when hydroxyl groups are present in the organic compound. 

The first members of homologous series of alcohols, aldehydes, ketones, and 
acids are sofublcpn water, but as the carbon 'content increases, the hydrocarbon 
character, in relation to solubility, becomes more and more evident, and the 
compounds become more and more insoluble in water. 

In addition to water, alcohol, and ether, other solvents are employed as 
solvents, such as carbon disu’phide, chloroform, carbon tetrachloride, methylal, 
acetone, glacial acetic acid,** ethyl acefetc, benzene, toluene, xylene, aniline, 
nitrobenzene, phenol, etc. Light petroleum spirit, derived from American 
petroleum, is especially valuable ; it is composed of lower paraffins, and is often 
used to separate compound.^ fiom solvents wiVh which it is miscible, because 
very many organic substances are insoluble or dissolve with difficulty in it. 

The solubility of a compound is dependent upon the temperature, and 
is constant for a definite temperature. This means is frequently employed for 
purposes of identification. 


* On the connection between the boiling point*and the chemical constitution 
of a substan(^, as known at present, see Graham-Otto, Lehrbuch d«r Chemie, 
Vol. I. part 3* P* 535 ( 1 ^ 9 ^); sdso Menschuthin, C. 1897,11.1067. 
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For the regularities among the solubilities of isom^lic carbon derivatives, 
consult CarneUey, Phil. Mag. [6] 18 , x8o; Carnelley and Thomson, J. Ch. S. V* 
8oi. 

For ^paratus suitable for determining solubility, see V. Msyer, B. 8,998, and 
KohUf, Z. anaft Ch. 18 , 239; B. 80 ,1752. 


, 6. OPTICi^L PROPERTIES 

Colour, —^Most organic compounds are colourless, many are coloured; 
e,g, iodoform is yellow, whilst carbon 4etraiodide is dark red. The 
presence of certain atomic groups is connected with definite* colours; 
particularly in the case of the aromatic derititives. The nitro-* 
bodies, for example, are more or less yellow, whilst the azo- 
derivatives vary from orange to red, etc. • Th^ colour of the solution 
of coloured substances depends to a large extent on the nature of the 
solvent (B. 27, R. 20 ; 39. 4153). 

Dye-stuffs. —Many coloured compounds, belonging almost ex¬ 
clusively to the aromatic series, possess the property of dyeing 
vegetable or animal fibres, either directly or through the agency of 

mordants. * 

• .« 

According to O. N. Witt, an aromatic substance behaves as a dye when it 
includes a chromophoric group, e.g. NO,, N,. etc., as well as an auxochrome group, 
such as an OH or amino-^oup, in its composition. The latter occupy the ortho- 
or para- position to the^romophor. A substance containing a chromophoric 
group alone is called a chromogen (B. 9 , 522 ; 35 . 4225 ; 3 S, 300S). 

Fluorescence. —This property, like that of colour, results from the presence 
in the molecule of certain fluorophoric groups (if Meyer, B. 31 , 310 ; C. Z900, II. 
308; Cheift. Ztg. 29 , 1027). ^ 


Refraction.—The carbon compounds (like all transparent sub¬ 
stances) possess the power of refracting light to a varying degree. 

The coefficient of refraction or refractive index [n) for '^mogeneous light passing 
from medium 1 into medium 2, represents tlic rjitio of the velocities of propa¬ 
gation o, and V, hi botti media ; n =-^-. For single refracting media, in which 

similar optical behaviour is observed in all directions (a condition which is seldom 
found in crystals) n is independent of the direction of the incident light, so that 

if i and r are the incident and refractive angles a^constant number ^ 

sin r • • 

for light of a definite wave-length. 

Specific Refractive Power .—^The refractive index (w) varies with the tempera¬ 
ture, consequently also with the specific gravity of the liquid. 

Their rriation to each other is approxiifiatel}^ expressed by the equation; 


n—I 



ssconst. 


(GUdstone’s formula), 
fi-formula. 


or 




i iconst.* 


(Loreai and Lorentz's formula). 
nS'formula. 




where d is the sp. gr. of the liquid, determined at the same temperature as the 
refractive index. The constant remains practicaUyounchanged for any tempera¬ 
ture, 

MolecxUar Refractive PowBr or Molecular Refraction is the specific refractive 


* See Graham-OUo, Lehrbach der C^exnie, Vol. 1 . part 3,. p. ^7,1898. 
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power of a substance Multiplied by its molecular weight. It is rwesented by 
M or ffl, according to Vhether Gladstone's or the n* formula is adopted; 

It is immaterial which of the two formulae is employed in &ie examination 
of stoichiometricai questions, so long ais fluid substances aire referred to. In a 
comparison of liquids with Iheir vapours the n* formula only can be used, and, 
it is also to be preferred whefl dealing with aromatic substances. 


The molecular refraction of,a liquid carbon compound is equal to the 
sum of the atomic refractions r, r\ r^ i 

M = ar + 

in which a, b, c, represent the number of elementary atoms in the 
compound. The atoniic refractions of the elements oxq deduced from 
the mol^ular refractions of the compounds obtainedi empirically, in 
the same manner as the atomic volumes are obtained from the mole¬ 
cular volumes. Whilst it was formerly assumed that but one atomic 
refraction existed for each element in its compounds, later researches 
have proved that only the univalent elements have a constant atomic 
refraction, and that of the polyvalent elements, e,g. oxygen, sulphur, 
carb^on, 'is influenced by their manner of union* 

This is seen in the rise in the molecular refraction by a constant quantity, 
amounting to 2*4 for the n-formula, and 1*84 in the case of the M*-formula, for 
each double bond of a carbon atom. A treble bond posses^ the n* value of 
approximately 2-2. , 

The refraction is determined either for the yellow sodium line (the D line in 
the solar spectrum), or for the red hydrogen line Ha (C in the sola^ spectrum). 
These values are affected by the disturbing influence of " dispersion/* and a 
refractive index free from this factor has not yet been developed (see Dielectric 
Constant, p. 53). The molecular refraction ascertained by means of the above 
formula from the observed values of the refraction and density, can be compared 
with that c^culated'Hbv the addition of the particular atomic refractions^ as 
given in the accompan>>g table. • 


Gladstone's formula. 


Lorenz's formula. 


Carbon (single bond) . . . 

Hydrogen. 

O^gen (in hydroxyl) . . . 

Oi^gen (in ethers) . . . . 

oi^gen (carbonyl) . . . J 

Chlorine. 

Bromine • • • • • ' 

Iodine.. 

Ethylene linkage ... 7 

Acetylene linkage . . . • 


C' 

5’00 

471 

2-365 

2*501 

H 

1*30 

1*47 

I-103 

1*051 

O' 

o< 

■ 2*80 

2*651 

1-506 

1-655 

1 * 5*1 

1*683 

O' 

3*40 

3*33 

2-328 

2*287 

Cl 

979 

1005 

6-014 

5-998 

Br 

15-34 

* 5*34 

8-863 

8*927 

I 

24*87 

25*01 

13-808 

14*12 


^■4 

2*64 

1-836 

171 


2*22 


The atomic refraction of ritrogen in its various combinations has been minutely 

investigated by Brithh but final results have not, as yet, been attained. 

% 

It is, therefore, obvious that important data relating to the manner 
of union of the atoms in the molecule of a carbon compound can be 
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obtained £rom the’ molecular refractions. When the observed mcde- 
cular refraction is in excess of the calculated value, the presence of a 
double or treble bond is indicated. Thus the greater molecular 
refraction (by ^3 X 178 = 5-34 units) of the benzene bodies, confirms 
the view, previously deduced from chemical facts, that there are 
present in the benzene nucleus three doubly-linked carbon atoms. 
Among the terpenes the change from a ijng formation to an open 
chain with a double bond can be followed (B. 20 , 2288; 22 , 2736; 
28 , 855; 24 , 656, 2450 ; 25 , 2638). In many cases among the sub¬ 
stances referred to by Laar as being tautpmeiic, it has been possible to 
ascertain whether they -exist in the enol- or keto- form (B. 25 , 366; 
3078; 88, 1868). However,'the regularities noted above only hold' 
good for bodies with slight dispersive power, such as the fatty bodies. 
In the case of substances possessing a greater dispersive power than 
cinnamyl alcohob the molecular refraction is valueless for the deter- 
mdnation of chemical structure (B. 19 , 2746; 24 , 1823). 


On the employment, for the elucidation of stoichiometrical problems, of the 
fftokcular dispersion of bodies, i.e. the difference between the refractiona measured 
with blue and red hydrogen lines, see BruM (Z. phys. Ch. 7 , 140}. 

The refraction stere of J. Traube is<the quotient obtained by the division 
of the molecular refraction by the number of atomic valencies. Within cerj:ain 
limits it approximates to a constant (0787) which is of special significance in the 
theory of valency (B. 40 , 130, 723). 

The Abbi total refractometer, and Pulfrich*s total reflectometer are much more 
convenient than the spectrometer for rapid and sufficiently accurate working (Z. 
phys. Ch. 18 , 294 : B- 24 , 286).*“ * 

Dlelectrie Gonstwt.'—^The electrostatic force by which two electrified 
bodies affect one another varies with the nature of the insulating “ dielectric 
medium " v^ch separates them. Taking air as unity, the measurement made 
with another substance under similar circumstances gives the dielectric conslUnt 
of that medium. This value, usually indicated by k, has been taken for a large 
number of carbon compounds ; * for example 


K 

i»o 


* Gases and Vapours, about 
Liquid Hydrocarbons . 2*0—2*5 

Carbon Disulphide . . . 2-6 

Ethyl Ether.4-5 


Fatty Acid^about 
Fatty ArffoEsters 
Fatty Alcohols 

Warter . . . . 


X 

2-0-7 >0 
5-9 
16-35 
& 


The electromagnetic theory of light is based on the fundamental principle 
that light and electromagnetic waves are of the same nature, differing horn one 
another only in length. The refractive index, for an infinitely long wave can 


be closely connefited to the dielectric constant, by the relatioi^ na. The 
determination of the dielectric constant thus supj^ies directly a value for the 
refractive index free from dispersion, analogous to the Lorenz formula (p. 51). 


( 


K — I 

X + 2 ' 


^ = coi^t. 


The values obtained in investigations so far carried out f have not led in 
general to a good correspondence with those derived by optical methods, whilst 
, the optical molecular reiraction*measurements shew an additive character (at 
least for compounds of similar constitution), the values obtained by electrical 
methods ore influenced by insignificant differences in constitution of each sub¬ 
stance, In this case there is no possibility of calculating ** atomic refractions/' 


* On the method of measurement for chemical purposes, see Nemst (Z. phys. 
Ch. 14, 622 ; 24 , 21J ; Wied (A. 67 , 215 ; 00 , 600); Drude (Z. phys. Ch. 88 , 267). 

t Landoli and John (Z. phys. Ch. 10 , 289). See also Grahant-OUOt Lebrb. 
der Qumie, 1. part 3, p. 650, 1888, 

f 
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but rather to trace and disclose difierences in constitution by electrical means, 
fpr which purpose it is oi great assistance. Under certain circumstances the 
attendant phenomenon of anomalous electrical absorption is to be observed, 
the partial change of electrical into heat energy. Almost all the non-conducting 
carbon compounds which give rise to this-absorption contain the hydroxyl group. 
On this observation is based a method of detecting and demonstrating the mutual 
change of keto- and enol-forms {Drude, B. 80 , 940; Z. phys. Ch. 23 , 308, 3x8). 
Further progress in this investigation will doubtless yield important results. 

The vapours of many groups of aliphatic and specially aromatic bodies 
absorb Tesla currents at ordinary pressure and change them into light wayps. 
Such substances, for example, are the primary aromatic amines, and the simple 
aliphatic aldehydes and ketones. In the latter case the keto- group seems to be 
^the vehicle of the luminescence, it any rate neither the vapours of paraldehyde 
f *nor of atetaldehyde* become illuminated (H. KauffnCann, B. 85 , 473]. 

• I 

OpiicBl Rotatory Power,* Rotation of the Plane of Polarisation 
by Liquid or Dissolvk^d Carbon Compounds.— Biot, in 1815, observed 
that many naturally occurring bodies such as the sugars, the terpenes, 
and camphors, were capable of rotating the plane of polarized light. 
He also showed, in 1817, how the vapours of turpentine also deviated 
the plane of polarization, and cnucluded that this power was a property 
of chemical molecules. Such bodies are termed optically active carbon 
compounds, • 


* Specific Rotatory Power [o].—The angle of rotation a is proportional to the 
length I of the rotating column (usually expressed in decimetres); hence the ex¬ 


pression p is a constant quantity. 


To compare substances of diUerent density, in 


which very unequal mas^s may be contained in this column, they must be referred 
to a like density, and hence the rotation must be divided by the sp. gr. of the 
substance at a definite temperature. The expression ’ 


[o]i> or [o]j=^ • 

is called the specific rotatory power and is designated by [o]o or [a]j, according as 
the rotation is referred to the yellow sodium line D or the *' transitional colour " j. 
For solid, active substances, in an indifferent solvent, the equation employed is 



where p represents the quai^tit.,’ of substance in xoo parts by weight of the 
solution, and d represents the specific gravity of the laU^r. 

This specific rotatory power is constant for every substance at a definite 
temperature; it varies, however, with the latter, and, in the case of solutions, 
with the nature and quantity of the solvent. So much is this the case, that 
under various conditions the angle of rotatjon for one and tbf same substance 
can become zerb or even change in sign. Therefore, in the statement of the 
specific rotatory power of dissolved substances the temperature and percentage 
strength of the solution are always given. 

In many cases the addition of substances such as salts, etc., causes a change 
in the rotation. Such acti bodijs, includin'^ tartaric acid, malic acid, mandelic 
acid, and others, winch contain an alcoholic hydroxyl group, are powerfully 
influenced by the addition 6f alkali borates, molybdates, tungstates, and uranates. 
The phenomenon depends apparently on the location of complex combinations 
(B. 88. 3874, etc.), and can sometimes be used to increase the rotation of active • 
substances, of which the rotatory power would otherwise be too small to be 
measured alone, either on account of specific value being insignificant or because 
the solution employed is too weak. (See Landolt, previous reference, footnote 
p. 220: Walden (B. 30 , 2889).) 


• Landolt, Das optische Drehungsverm gen * organischer Substanzen und 
die practiscl^ Andwendung derselben, 2nd edition, Braunschweig, x8g8. Walden 
Ueber das D/ehungsvermogen optisch aktiver Korper, B. 3 ^ 3^3. * 
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Molecular Rotatory Power is the product of the specific rotatory power [a] 
and the molecular weight P. As these values are usually high, the molecular 
weight is divided by xoo. * 

• 100 


Thh most suitable apparatus for measuring rotation are described in the above- 
mentioned work of LandoU (p. 54, footnote). 

In 1848 Pasteur demonstrated that in optically active substances, such as 
tartaric acid and its salts, the rotatory power is intimately connected with the 
crystalline form, and is usually connected witli the presence of hemihedral faces. 
In the discussion of the stereochemical or spacial theories, reference was made to 
the fact that Pasteur considered the asymmetric structure of the molecules of 
optically active carbon compounds to be the cause of their remarkable action 
upon polarized light. • • * • 

According to the theory of van *t Hoff and ^.e Bel, the activity of the carbon 
compounds is dependent upon the presence of asymm^ric carbon atoms or on the 
asymmetric arrangement of atoms attached to acarbon skeleton in space (p. 30). 

So far as they have been investigated, all optically active carbon compounds 
contain one or more asymmetric carbon atoms. However, there are many 
compounds containing such atoms, which, when they exist as liquids, or when 
in solution, have no efiect upon polarized light. This is true when two molecules 
of opposite but equal rotatory power unite to form a molecule of a physical, 
polymeric compound, e.g. inactive lactid acid, inactive malic acid, inactive 
asparagine, inactive aspartic acid, racemic acid, etc.; also, when the half of a 
molecule^eutralizes the rotation produced by the other half, as in mesotartaric 
acjd. * 

It has also been shown that in the conversion of optically active bodies into 
their derivatives the activity continues so long as the latter contain asymmetric 
carbon atoms; when the«asymmetry disappears, the derivatives become inactive. 
The two active tartaric acids yield two active malid acids; active asparagine 
3rields active aspartic acid, active malic acid, etc., whilst the symmetrical succinic 
acid that is obtained by further reduction is inactive. 

If varjpus groups, each containing an asymmetric carbon atom, be introduced 
into a molecule, the final rotation will be the algebraic sum of the rotations of 
the single groups: see especially, Guye (C.r. 119 , 953; 120 , 632; 121 , 827; 122 , 
932); and Walden (Z. phys. Ch. 17 , 721). * 

By changing or substituting a single group or element, connected with an 
asymmetric C*atom, the rotatory power is often very cwsiderably influenced; 
asf for instance, by the production of an ethylcnic Imikcfge or by ring-fbrmation 
(C. 1903, II. Z16; 1903, 11 . 31 ; A. 327 , 137) ; or when alkyl groups are intro¬ 
duced into NH or OH groups (B. 34 , 2420 ,• Q. 1905, li. 455). In the case of 
malic acid the critical* antipodes can be transformed into one another by a con¬ 
tinuous series of changes; 1 -malic ester, with PCI5, gives d-chlorosuccinic ester, the 
acid of which with silver oxide yields d-malic acid. Conversely, d-malic ester, with 
PC 1 |, gives 1 -chlorosuccinic ester, of which the acid can be converted into 1 -malic 
acid. Similarly, I-bromo- or l-ch)prosuccinic acid, acted on by ammonia in methyl 
alcohol solution, yields d-aminosuccinic aci'd, which is chunged into d-malio 
acid by barium hydroxide. Finally, the halogAi substitution products of the 
active succinic acids, when acted on by potassium hydroxide instead of silver 
oxide, have their halogens replaced by hydroxyl to form the hydroxy-acids, 
possessing not the same but the opposite Arcc^n of rotation {Walden, B. 80 , 
3146). Similar " reversed rotations can be observed among the simple amino- 
acids, such as alanine and leucine (^-v.) (B. 89 , 28O5; 40 , 1051). 0 

Asymmetric compounds pvpared in the la^^atory from inactive substances 
are inactive. This results ^om the simultaneous formation in equal quantities 
of the two optical antipodes which manifest a tendency to combine to form the 
inactive, ph3rsicaUy polymeric molecules. Asymmetric syntheses, t,e. the pre¬ 
paration of one active body from an inactive one without the intermediate 
tormation of a racemic body, can, however, somet^es be effected, by combining 
the inactive compound with an active one and then carrying out the change 
which will produce the active substance sought: methyl ethyl malonic acid 
combines with the active alkaloid brucine forming an acid salt. i>n heating, COg 
escapes, and when the resulting bnicine^ethyl acetyl acetate is decomposed with 
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hydrpphloric acid, optically active methyl ethyl acetic acid ia obtained (B. 87 , 

^ Ractmic Bodies ,—llie typicu substance, racemic acid, has given its name to 
all similar inactive mixtures of the two optical antipodes, racemic sub¬ 

stance <h£lers from its components ;xlso itf that it forms crystalsswhich do not 
give rise to enantiomorphic modifications. The density of the racemic body is, as 
a rule, greater and its solubility less than the 'corresponding active substances, 
but not always; similarly there is no general rule for the relative position of the 
melting point. • 

When the crystalline form of an inactivt substance cannot be observed wits 
accuracy, asoften happens, and when at the same time, the melting point lies lower 
than that of either of the optically active components, then doubt may arise 
whether it is a true racemate or a mixture of equal .quantities of the optical 
afitipodes.*' A variety of tests can be applied. The melting point may be taken 
after a small quantity'ol one of the active conlponcnts has been added to the 
inactive substance. The composition may be determined, as well as the optical 
behaviour, of a concentrated solution of the inactive body as compared with that 
of a mixture of the inactive anti one active substance. If the addition of the 
active body causes a lowering of the melting point of the inactive substance, 
a change in the concentration and in the optical activity of the saturated solution, 
then the substance is a racemic one ; if, on the other hand, the melting point 
rises, and the concentration and inactivity of the solution are unaltered, then 
the inactive body is a mixture. 

The formation of a racemic subStance is dependent on the temperature. 
Above or below its transformation iemperafure the body may be a racemic body 
or anvenantiomorphic mixture. The results of the above experiments bold good, 
then, only for the particular temperature at which they are carried out, and a 
series of experiments over a wide range of temperature is necessary to obtain 
a complete insight into the matter. 

These practical tests a^e, in part, the direct result the considerations on 
heterogeneous equilibrium as put forward in Gibb's phase rule (van't Hoff, B. 81 , 
528 ; Ladenhurg, B. 82 , 1822 ; Roozeboom, Z. phys. Ch. 28 , 494, etc. Also B. 83 , 
1082). 

Pseudo-racemic mixed crystals, although inactive, possess the form of the 
acti^ modifications, without, however, the hcmilicdric faces (J. Ch, S. 71 , 889; 
75 „ 42 ). 

Resolution of Inaotlve Carbon Compounds Into their Optically Active Com¬ 
ponents. —The synthesis of optically active carbon compounds is«easily realize^ 
by direct methods, b£^''use it is possible to separate the dextro- and laevo- 
rotatory components in aiPtnactive molecule. The following methods, i, 2, and 
5, were employed by Pasteur (1848^ in his study of the racemates and racemic 
acid. This classic investigation supplies the firm experimental basis for the 
theory of stereochemistry or the space chemistry of carbon (p. 2^. 

Method I, based upon resolution by crystallization, —The substance itself, or 
its derivatives with optically inactive compounds, is crystallized at varying 
temperatures and from various solvents. In the case under consideration it 
is possible to‘*^ep^ate two substances showing enantiomorpbous hemihedrism 
by actually picking out thoseicrystals exhibiting the particular forms. Thus, 
from a solution of sodium ammonium racemate below 28*^ hemihedral crystals 
of sodium ammonium dextro- and laevo-tartrates can be obtained (B. 10 , 2148). 

Method 2, dependent upon Ae /(f^mation of compounds with opticdUy active 
substances, — Pasteur succeeded' in separating d- and l~tartaric acids through 
their quinicine and cinchon^ salts. This was because these, being no longer 
enantiomorphous, were distinguished by their vandng solubility, and so could 
be very easily separated from eCcL other. 

Ladenburg first used the latter method to resolve inactive bases by forming 
salts of the latter with an active acid. It was thus that he decomposed synthetic 
inactive coniine (a-n-propyl piperidine) by means of dextro-tartaric acid into 
its active components, and coinpletcd the synthesis of the Hist optically active 
vegetable alkaloid—coniine—which occurs in hemlock 

The resolution of racemic substances does not ^always immediately result ■ 
from the combmation with active bodies and the subsequent precipitation of 
the more iasolople of the new compounds. Under certain conditions the racemic 
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body unitot, as such, witb the added active body, forming a compound 

(such as strychnine racemate), which can only be decomposed into compound\of 
its active components at a particular temperature {Ladmbufg, B. 31 ,1969; 82 ,50). 

Method 3, based on the formation of esters or amides between racemic and 
optically activh substances, —Racemic tbandelic acid can be partially turned into 
the 1-menthol ester, whereby the residue consists oi an excess of 1-mandelic acid. 
If 1-quinic acid be heated with rac. a-phenyl ethylamine, the dextro-rotatory 
acid, which does not take part in the amide formations, remains behind (B. 88, 
for). , 

* Method 4.—Enzymes, such as maltase or emulsin, decompose racemic 
glucosides {E. Fischer, B. 28 , 1429). 

Method 5.—On introducing some suitable fungus such as Penicillium glaucum 
into an aqueous solution of an inactive mixture, capable of resolution,^one modi¬ 
fication of the mixture will be destroyed during^e lize-p^oc^ of the fungus; thuft 
racemic acid yields l-tartaric acid, inactive amyl alcohol yields d-amyl alcohol, 
methyl propyl carbinol yields Umethyl propyl ^carbinol, propylene glycol yields 
Upropylene glycol, etc, ^ ■* 

One fungus may leave an optical modification untouched which another may 
destroy. 

Penicillium glaucum or Bacterium termo will leave d-mandelic acid from the 
synthetic inactive racemic acid, whilst Saccharomyces ellipsoideus or SchtMomyceies 
leave the 1 -acid untouched. For the literature of the resolution of racemic 
compounds, see Landolt, Optisches Drehun^svermdgen, etc., 2nd edition, p. 86, 
x888. , 

Carbon compounds, in which an asymmetric carbon atom is not present, 
could not\>o decomposed by these methods (A. 239 , 164 ; B. 18 , 1394)* * 

fConversion of Optically Active Substances into their Optically Inactive Modifi- 
cations, —Whilst soluble salts of optically inactive, resolvable carbon compounds 
may be resolved by crystallization under proper conditions of temperature, many 
others reunite to form a silt of the inactive body, espeiially if the latter dissolves 
with difficulty. Solutions of Isevo- and dextro-tartrate of calcium when mixed 
yield a precipitate of calcium tartrate, which dissolves with difficulty. The free, 
optically active modifications unite, as a rule, very easily when mixed in solu¬ 
tion, to fefirm the inactive decomposable modification, e.g. Isevo- and derixo- 
tart^c acid yield racemic acid. The esters of these acids behave in a similar 
manner: laevo- and dextro-tartaric methyl esters unite directly and in solution 
to form racemic methyl ester (B. 18 , 1397). Also, in energetic reactions, or 
when heated, the active varieties rapidly pass into the inactive forms, e.g, dextro- 
tartaric at 175^ yields racemic acid, and at 165^ mesjj^iMtitaric acid. At 180* 
dex'tro- and Isovo-mandelic acids pass into inactive mancl^c acid. Some optically 
active halogen substitution products of carboxylic acids undergo auto-racemation, 
even at ordinary temperatures (B. 31 , 1416). * 

A correspondihg behaviour is observed in the decomposition of albumins, when 
heated with barium hydroxide, into inactive leucine, tyrosine, and glutamine, 
whilst at a lower temperature hydrochloric acid produces the active mc^ifications 
(B. 18 , 388). ^pr an experimental explanation of the transformatiem of optically 
active substances into their inaeftive modifications, compare,^. Werner in R., 
Meyer's Jahrbuch der Cheznie 1 , 130. • 

Magnetic Rotetory Power.*— Faraday, in 1846, discovered that trans¬ 
parent, isotropic, optically inactive bodies were capable of rotating the plane 
of TOlarized light when a column of the substgncevwas brought into the magnetic 
field, as, for example, when it was surrounded %y an electric current. The 
power of rotation only continued as long as theso influences were active, and 
was reversed when tiie position of the magnetic poles were reversedAiis 
distingui^ed magnetic rotatory power from the* rotatory power of optically 
active carbon compounds. 

Specific magnetic rotatory power is the degree of rotation that the plane of 
polarization of a ray of light undergoes when it passes through a layer of liquid 
of definite thickness, exposed to the influence of c* magnet. The unit of com¬ 
parison is the rotation produced by a layer of water of the same temperature 
and thickness when exposed the same magnetic field. 

-----.j-- 

* Grakam^Otto, Lehrbucb der Chemie, Vol. I. port 3, p. 793, xSpS, 
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Molecular Magnetic Rotatory Power .—This is the degree of rotation produced 
columns of liquids chosen of such a length that similar cross-sections will each 
contain a molecular weight of the substance. The unit in this case can also be 
the molecular rotatory power of water. 

W. H, PerkiUt Sr., has investigated tninutely the connectio|i between the 
magnetic rotatory power and the constitution of carbon derivatives. Numerical 
relations between the increase of rotation and change of composition have been 
established for many groups of aliphatic and aromatic compounds (C. 1900. I. 
797; 1902, I. 621). Deviations from the theoretical values are encountered 
particularly in the reactive benzene substitution compounds (see Table* J. pr 
Ch. [2] 67 , 334 ). 


7. ELECTRIC CONDUCTIVITY 

i 1 

Substances which are Qapable of conducting electricity arrange 
themselves into two ‘groups: conductors of the first class, or those 
which conduct electricity without undergoing any change, and 
conductors of the second class, known as electrolytes, in which- con¬ 
duction is only possible through the agency of the ions in which 
the solutes separate when dissolved. The greater the conductivity 
of a substance the less is the resistance to the passage of the current; 
in other words, the resistance is inversely proportional to the conduc¬ 
tivity. The unit of measurement of resistance is the ohm—the resis¬ 
tance of a column of mercury 1*06 metres long, and i mm. in erpss 
section, at 0® C. 

OsiwaWs investigations have demonstrated^that the conductivity 
of electrolytes is intimately related to chemical affinity, and forms a 
direct measure of the chemical affinity of acids and bases. Therefore, 
the determination of the conductivity of electrolytes (in aqueous 
solution), to which all organic acids and their salts belong, iS of great 
interest and importance for all carbon derivatives. 

Kohlrausch (Wied, A. 6, i) has suggested a very simple and accurate means of 
determining the conductivity of electrolytes, which has been extensively applied 
by Osttbald (J. pr. ChT'SiJ, 300, and 33 , 352 ; Z. phys. Ch. 2 . 561)- (See also 
C. 1900, I. 577.) It is dependent on the application of alternating currents, 
produced by an induction cojl, that the disturbing influence of galvanic 
polarization is avoided. • ^ 

The conductivity of electrolytes is not referred to the percentage 
content of their aqueous solutions, but (as the conductivity is deter- 
^ mined by The ^equivalent ions) to solutions containing‘a gram-mole- 
' cule, or a gram-equivalcRt of substance in one litre. Tlus value is 
the molecular (or equivalent) conductivity of the substance (Z. phys. 
Ch. 2, 567). , ^ 

F. Kohlrausch and Holborn, in their book, "Das Leitungsvermogen der 
El^ktrolytc,” refer the conductivity of a solution to a unit consisting of a column 
I cm. long, and 1 cm.* in section which has a refistance of 1 ohm. In this case 
the conductivity becomes 10,^00 times as great as the above. Also, they employ 
the gram-equivalent in place of the gram^nolecule, and the cubic centimetre 
in place of the litre. 

The strong acids have the greatest molecular conductivity, and are followed by 
the fixed alkies and alkali ^Its. Most organic acids, on the contrary (e.g. acetic 
acid), are poor conductors in a free condition, whilst their alkali salts approach 
those of the strong acids in conductivity. The molecular conductivity incream 
by about 2 ptr cent, per degree rise of temperature. It also increases wi^ 
increasing dilution, and in the case of jhe poor conductors it is far more rapid 
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than with the gc^d conductors; in both instances it ultimately approaches 
a maximum (limiting) value. With good conductors this is attained at a dili^tion 
of about xooo litres to the gram-molecule ; whilst with those poor in conducting 
power it is only reached when the dilution is indefinitely large. In fact, in such 
cases the cotductivity is practicall/*indeterminable. 

An interesting observation in connection with the alkali salts of all 
acids is the variable increase of the molecular conductivity with 
^ increasing dilution. This is trije both in the case of the strong and the 
weak acids (most organic acids belong to the latter class), and it varies 
according to their basicity. With sodium salts of monobasic acids, 
this increase equals from 10-13 units,*by dilution of 32-1024 litres for 
the equivalent of substance ; for the salts of dlihasic acids from 20^ 
units, for those of the tribasic 28-31, foj those of the tetrabasic about 
40, and those of the pentabasic about 50 units. 

Thus it may be seen that the increaste in conductivity of acids, in 
the form of their sodium salts, offers a means of determining the basicity 
and, consequently, the molecular magnitude of acids {Ostwald, Z. phys. 
Ch. 1, 74, 97 ; 2, 901 ; Walden, ibid., 1, 530 ; 2, 49). 

If a certain quantity of an acid^ be neutralized with N/32 sodium 
hydroxide solution, and the conductivity of the neutral salt be measured 
before |Lnd after dilution to 32 times its volume, the difference pf the* 
conductivities divided by 10 gives the basicity of the acid. 

Molecular conductivity has acquired still greater importance by its 
application to the measurement of the dissociation of the electrolytes ; 
it is at the same time the measure of the reactivity or chemical afimity, 
first, of acids, then bases, and, finally, of salts. 

Arrhenius's electrolytic dissociation theory maintains that in 
aqueous solution the electrolytes are more or less separated into^heir 
ions ; this would give a simple explanation for the variations of solu¬ 
tions from the general laws of osmotic pressure, the depression of*the 
freezing poi/it, etc. (see p. 16). The dissociation is also manifest in 
\he molecular conductivity, for the latter is (Jii^fctly proportional to 
tfie degree of dissociation, the number of free ions and the speed of 

migration of the free ions. * • 

% 

Molecular conductivity increases with dilution and dissociation. When the 
latter is complete, it attains its maximum ). The degree of dissociation (m) 
(or the fraction of the electrolyte split up into ions) for any dilution is found 
from the ratio of the molecular conductivity at this dilution (/x) tathe maximum ^ 
conductivity (for an indefinite dilution): * a 

m = • 

/*oo 

The latter (;too) cannot be directly mea^urei^ in the case of free organic acids, 
because most of them are poor conductors. Bht it can be obtained from the 
molecular conductivity of their sodium salts, by deducting from their maximum 
values the speed of migration of the sodium-ions (49*2), and adding those df the 
hydrogen-ions (352). ' ^ 

Since the molecular conductivity depends upon the dissociation of the 
electrolytes into their ions, the effect of dilution must follow the same laws as 
those prevailing in the dissociation of gases. This influence of dilution or volume 
(v) upon the molecular conductivity, or the degTiee of dissociation (m) is, there¬ 
fore, expressed in the equation: 

v{i-^m) • f 

which represents the law of dilution ad^sneed by Osiwald (Z. phys. Ch. % 56, aye). 
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This law has been fully confirmed by the perfect agreement of the calculated and 
observed values (van H Hoff, Z. phys. Ch. 2 , 777). In the case of strong electro-' 
lytds, such as strong acids and bases, and most salts, the equation of Rudolphi 

is preferable to that of Ostwald, even though.it is empirical: K 

i;(i—»(;)■ 

The value, K, is the same at all dilutions for every monobasic acid ; hence it is 
a characterisric value for each acid, and is the 'measure of its chemical affinity. 
The determination of these chemical affinity-constants by Ostwald for more than 
240 acids, has proved that they are closely related to the structure and constitution 
of the bodies (Z. phys. Ch. 3 , 170, 241, 369). Literature ; see Walden (Z. phys.* 
Ch. 8, 833). Affinity values of stereoisomeric compounds : Hantzsch and MiolatH 
(B. 25 , R. 844). 

Addendum: Determination of affinity-coefficients : Conrad, Hecht, and 
I^r'Uckner (Z. phys. Ch. ,8, 450; 4 , 273, 631 ; 6, 2S9). Lellmann (B. 22 , 2101 ; 
A. 260 , 269 ; 263,286; 270 , 20.^, 208 ; 274,121,141,136). (K. Meyer's 

Jahrbuch 2 , 31). ^ 


HEAT OF COMBUSTION OF CARBON COMPOUNDS* 

The quantity of heat evolved in any chemical change is a measure 
of the total work, both physical and chemical, expended." The 
determination of the quantity of iieat developed in complete combus¬ 
tion is alone adapted for the determihation of the energy content of 
' carbon compounds. • 

The heat of combustion of a carbon compound by the method bf 
Berthelot is determined by combustion with oxygen at a pressure of 
25 atmospheres in a calorimetric bomb, lined internally with platinum 
or enamel. Ignition is effected by means of an electric spark, or by 
the incandescent products of combustion formed by a thin iron wire 
heated electrically. • 

The method is so accurate that it can be employed for the detection 
of quite small quantities of impurity in an organic compound, the heat 
of combustion of which is known (J. pr. Ch. [2] 48 , 452 ; Z. f. angew, 
Ch., 1896, p. 486). * • 

On the basis of thZ Hess-Berthelot principle : " The difference bf 
the heats of combustion of two,^chemically equivalent systems is equal 
to the heat development which corresponds to the .passage of the one 
system into the other " : it is possible, knowing the heat of combustion 
of a carbon compound to calculate its heat of formation. The heat of 
combustion of the compound is deducted from the sum pf the heats 
of combustion of its elements. 

The heat of combustion of methane equals 211*9 cal. 

„ „ diamond-carbon is 94 cal., and 

„ „ hydrogen equals 69 cal. 

As the complete combustion' of methane proceeds according to the equation: 

. CH4 2O2 = CO2 + 2HaO, 

then the heat of formation ofrti is hydrocarbon/* at constant pressure, would 
be 20'j cal.: ' , 

94 4- (2 X 69) —2X1*9 s 20*1. 


* rtaktische Anleitung zUr Ausfuhrung thermochemischer Messungen, 
Berthelot, translate into German by Siehert, 1893. Gruhdriss der allg. Thermo- 
<hemie. Plank, /893. Die Grundsatze der Thermocnemie und ihre Bedeutung 
ffir die theoretil:he Chemie, Hans Jakn, 2. Aufl. 1692. Grundriss der allg. 
Oxemie, Ostwald, 1889. Mecaaique chim^ue, Berikeki, Baris, 1879. 
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Tha devolopment of methods for the determination of the heats of eombnatioa 
is due to the mvestigationa of Favre and Silbermann, Thomsen, Stohnumn, and 
particularly of Berihelot. Stohmann especially determined the heat of d6m- 
Dustion of numerous carbon derivatives, and published a tabulated account of' 
the heats of mmbustion of organic bt>dies, made from 1852-1892 (Z. phys. Ch. 6t 

334: 10, 4 IO)-. . 

The regularities thus far observed are as follows : With the hydrocarbons of 
the paraffin and olefine series the constant difference of CH2 in composition corre¬ 
sponds to a constant difference of 158 cal. in the heat of combustion. Similar ' 
relations occur in other homologous* series. 

The heat of combustion of the two isomeric propyl alcohols is almost the same, 
consequently in the case of similar linkage-relations position-isomerism is without 
influence upon the heat of formation and the’heat of combustion. The ffifierence 
of 6 cal. in the heats of bombustion of fumaric acid (320‘f cal.) and tnaleic aCid 
(326*3 cal.) is more striking if wc grant similar linkage-teHations in the two acids, 
as is done by those who consider the difference between these two acids to be 
solely a stereochemical one. , 

The passage f^om a double linkage to two single linkages, as well as from a triple 
union to three simple unions is accompanied by considerable loss in energy. The 
relation of the heats of combustion of aromatic substances to their hydride 
derivatives is noteworthy. The diilerences of the heats of combustion of the 
dihydrobenzenes and their corresponding unaltered benzenes is considerably 
greater than the difference of the heats of combustion of the corresponding 
tetrahydro- and dihydro-benzenes. It is 'to be noticed that there appears to 
exist a quite small thermal dillerence between the olefine carboxylic acids and the 
tetramethylene dicarboxylic acids, as, for example^ acrylic and tetragiethy- * 
Je^e dicarboxylic acids, cinnamic and truxillic acids (Z. ph}^. Ch. 43 , 345 ), 
as^is also the case of the hexahydro- and tetrahydro-benzene derivatives. As 
to the contradictory conclusions which have been deduced from these facts in 
regard to the manner of uinion of the carbon atoms in t^e benzene ring, see A. 278 , 
115 ; B. 27 , 1065 ; J. pr. Ch. [2] 48 , 452 ; 49 , 433. 

The var5ring stability of the tri-, tetra-, and i)enta-methyleiie rings referred by 
Baeyer to the varying ring-pressure (see the introduction to the carbocyclic 
compounds) is indicated in the heats of combustion, whilst no difference 
could be detected between the penta- and hexa-methylene rings. As an ex^ple 
as to how far observations upon the mentioned carbocyclic compounds caq be 
applied to deductions upon constitution, it may be cited that the heat of combus¬ 
tion of camphoric acid excludes the assumption of a tri- or tetra-methylene ring, 
but indicates tne likelihood of the presence of a penta- o:^ ilSxa-methyleqe ring in 
camphor (J. pr. Ch. [2] 45 , 475 ; A. 292 , 125). 


ACTION OF HEAT, LIGHT, AND ELECTRICITY UPON 

CARBON COMPOUNDS 

I. ACTION OF HEAT 

Substainces which react most energetically upon each other do not 
do so at very low temperatures {Raoul Piciet, Arch. d. Scienc. ph}^. et 
nat., Geneva, 1893), even when subjected to the greatest pressure, and 
when their molecules are in most intimatencontact. A definite ^m- 
perature is essential for |the occurrenqe^ of chemical action. The 
energy of a reaction, the time within which it proceeds, is largely 
dependent on the temperature of the reacting substances, therefore 
the determination of the most favourable temperature for the 
reaction is important. It must be rei'Aembered that the heat 
developed in chemical changes frequently increases the initial reaction- 
temperature rapidly to the point of decomposition. ^ such ca^ 
the violence of the reaction must-be moderated by cociing or by the 
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i^se of indifferent diluents, in which the substances acting upon each 
other must be dissolved before the reaction occurs. 

The action of chlorine upon toluene (^.v.) or upon methyl toluene shows par¬ 
ticularly well how much the kind and natui j of the action is dependent upon the 
temperature. At the ordinary temperature the chlorine substitutes the hydrogen 
of the phenyl residue, whilst at the boiling temperature it is the hydrogen of the 
methyl group which is replaced; 

C,H4C1.CH, 

C,H,.CH,C 1 . 

, Numerous analogous observations are known. 

In general, carbon compounds are much less stable undei the 
influence of heat than, the inorganic bodies. When the qualitative 
examination of organic bodies was discussed, mention was made of 
the fact that many carbon compounds were decomposed under the 
influence of heat with the separation of carbon. 

Other compounds, when heated it the ordinary temperature, re¬ 
arrange themselves without alteration of their molecular magnitude, 
whilst some polymerize. Compounds, volatilizing undecomposed at 
f ordinary pressure, may become decomposed when their vappurs are 
conducted through tubes heated to redness, or by contact with metallic 
wires rendered incandescent by the electric current (C. 1901, 11,1042) ; 
as a rule, new bodies are then formed accompanied by partial 
carbonization. The splitting-off of hydrogen, "the halogens, haloid 
acids, water, and ammonia leads to a more intimate union of tjie 
already combined carbon atoms, and carbon atoms which previously 
not united with one another not infrequently combine* to yield 
carbocyclic and heterocyclic bodies ; pyro-condensaiions result (B. 11 , 

1214). 

In the special part of this volume, such results fron\ heat action 
wll be- so frequeml;; encountered that it becomes unnecessary 15 
present examples at thik time (comp, ethyl alcohol and chloroform). * 

It may suffice to mention coal tar, which contains the liquid bodies 
formed by the decomposition of coal under the* influence of heat. 
This material is of the greatest importance both in the development 
of scientific, theoretical organic chemistry, as well as for technical 
chemistry (v.oal-tar industry). It is mainly composed of carbo- and 
heterocyclic confpounds, stable under the influence of heat: 

C4H4 ^10^8 CJ4H10 

Bensene. Naphthalene. Anthracene, Pbenanthrene. 

C4H4S C.H.N, ' C,H,N 

Thiophene. Pyridine. Quinoline and Isoquinoline. Aondioe. 

2 .'*AfcTION OF LIGllt 

Light exerts a great influence upon carbon compounds. The well- 
known reactions of this kind in the field of inorganic chemistry have 
corresponding cases in the^ province of organic chemistry. 

Light is able to bring about the decomposition, the rearrangement, and ^e 
vynthesis of cai^n bodies. Just as the haloid salts of silver are decomposed with 
separation of silver, so, too, the alkyl iodides separate iodine under the influence 


C H CH —Ordinary temp. 

At ir3*-xxi* 
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of light. Hence their colourless solutions gradually become yellow and finally 
dark brown in colour. Ethyl mercuric iodide breaks down into mercurous iodide 
and butane. Experience shows that many other carbon derivatives decompose 
more or less rapidly when they are exposed to sunlight, hence they must be 
preserved in t^ dark or in vessels of Jbrown coloured glass, which absorbs the 
chemically active rays of sunlight. It is technically important that an organic 
dye should resist the influence of light; most of them are not fast colours, but 
are bleached by light. 

Of the decomposition-reactions produced by sunlight mention may be made of 
the change undergone by succinic acit\ when mixed with uranium oxide; it loses 
carbon dioxide, and propionic acid results (A. 133 , 253) ; 

COjH.CH,.CH,.CO,H=COj-);CH,.CH,.CO,H. 

Solutions of tartaric aoid and citric acid, when mixed with uraniup oxide^ 
are similarly decomposed by sunl^ht (A. 278 , 373). » 

An aqueous solution of acetone is partially hydrolized by sunlight into acetic 
acid and methane (B. 36 , 1582). * 

Mercury oxalate is decomposed by light into ancf mercury ; if ammonium 
chloride be present, calomel is formed. A similar reaction is the following:— 

2Hga,+C804(NH4),-Hg,Cl,-f2C0,4-2NH4Cl. 

Sunlight often acts as a polymerizing agent. Solid anthracene, in the form 
of a vapour or solution is polymerized by sunlight or the light of a carbon or 
mercury arc lamp into dianthracene, a change which is completely reversed in the 
dark (Z. phys. Ch. 53 , 385). For similjyr cases of phototropy see B. 37 , 2236. 

Finely divided cinnamic acid changes in sunlight to the dimeric modification 
truxillic acid, which returns to the simpler form under the influence of heat; 
cinnamylidene malonic acid behaves in the same w'ay (Z. phys. Ch. 48 , 345). 

For the pol3rmerization of hemaldehyde see B. 36 , 1573. 

Geometric isomers (alloisomers or stereoisomers) are frequently changed into 
their stable forms by sunli^t; for instance, maleic acidanto fumaric acid (B. 36 , 
4267), allocinnamic acid into cinnamic acid ; anri-oximes into syn-oximes (B. 86, 
4268; 87 , 180). 

The combination of carbon monoxide and chlorine, forming carbonyl chloride 
or phosgene ^Davy) is analogous to the complete union of hydrogen and chlorigp. 
forming hydrogen chloride, and of benzene and chlorine or bromine to form 
hexa-chloro' or hexabromo-benzene, in sunlight; - 

H,+C1*=2HC1; C0+C1*=C0C1,; C,H«+3C1,=C,H*C1,. 

«The action o? chlorine upon methane (p. 72), formaldehyde(B. 29 , R. 82 ), and 
other carbon derivatives which can be substituted, is mu^^mfluenced by sunlight. 

The experiments conducted by Klinger show that the chemical action of sun¬ 
light is susceptible of more extended applicatioA than it has yet found, and that 
compounds can be, prodftced by it, which could only be prepared in the ordinary 
chemical way by most powerful or highly specialized means. He found that 
ethereal solutions of benzoquinone, benzil, and phenanthraquinone are reduced, 
with the formation of aldehyde. Further, that acetaldehyde, isovaleraldehyde, 
and benzaldehydA unite, under theicifiuence of sunlight, with phenanffiraquinone^^ 
in accordance with the equation (A. 249 , 137); ^ ' 

C,H 4 .C 0 C,H4 .Co!cOR 

I I H-RCHO= I II 

C,H4.C0 CeJl4.C©H. 

Isovaleraldehyde and bcnzaldehyde also unite directly with benzoquinone, 
but in a still more striking manner, in that a nuclAis-synthesis (p. 75) results. 
With benzaldehydc the reaction f>rocecds as follo;/'^— 

C«H40,-|-C*H*.C0H=C,Hj.C0.C4Hs(0H)j 

Benzo- Benz- Difaydrozybenzophenonc—isomeric with the 

quinone. aldehyde. expected Monobenzoyl Hydroquinooe. 

Sunlight reduces a carbonyl group in alcoholic sohition, and at the same time 
the alcohol becomes oxidized to aldehyde, as for instance, benzophenone and 
acetophenone yield the corresponding pinacones; quinone oxidizes glycerol to 
glycerose, erythritol to erythrose, mannitol to mannitose, dulcitol^to dulcitose, 
dextrose to dextrosone, whilst in each case the quinone changes to quinhydnme. 
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Axomatic nitro-bodies readily give thdr oxygen to alcoholic or aldehydic 
'^groups under the influence of sunlight: nitrobenzene and alcohol give aniline and 
qjin^dine; nitrobenzene and benzaldehyde yield a mixture of benzoic acid, 
nitrosobenzene, )9-phenylhydroxylamine and products of further interaction; 
o-nitrobenzaldehyde changes completely into o-nitrosobenzoic acid; o-nitio- 
benzal aniline gives o-nitrosobenzaii^de, and so on (Ctamt^an and Silh§r, B. ST, 
3425: B. 88, 1176, 3813). 

o-Nitrobenzylidene acetophenone in ethereal solution is changed by sunlight 
to indigo and benzoic acid (EngUr and Dorati, B. 28 ,2497) : 

[1] COCH=CH.C,H, C,H4([i] CO. XO [i]| 

zC.H. >C«C< JC4H4+2C.HJCO1H 

[2] NO, [2] NH^ \NH [2] 

' The dtudy of these reactions is specially important in the interpretation of the 
chemical changes occurring in plants. 


3. ACTION OF ELECTRICITY 

Some of the reactions induced by the aid of electricity possess 
great value for synthetic organic chemistry. The only method 
which will cause the union of free hydrogen with free carbon, consists 
in the action of the electric discharge upon the two elements. Berthehi 



showed that carbon and hyifrogen combined to fprm acetylene on the 
passage of the electric spark between carbon points id an atmosphere 
of hydrogen : 2C+H2=:CH=CH. Small quantities of methane CH4, 
and ethane CjHg were also present, as was found later (C. 1901, II. 
576). Fig. 10 represents the apparatus \rt which this important S5mthesis 
was carried out (A. chim. phys. ; [4] 18 , 143 ; B. 23 , 1638 ; C. 1897, 
1.24). 

Acetylene and nitrogen (A': 150 , 60) as wdl as cyuogen and hydrogen, unite 
to yield hydrocyanic acid under the influence of electric discharges (C. r. 76 , X132) ; 
and carbon monoxide and hydrogen form methane (Brodie, A. 109 , 270). 

CH e-N. t 

III+Nt-2HNC; I +H4=:2BNC; CO+ 3 H,*=CH 4 +H,Oi. 

CH CN 

' An important application of the heat derived from electricity is the prepara* 
tion of the carbides in the^ielectric furnace {Moissan)^* where temperatures of 
about 3000* can easily be reached. Calcium and aluminium carbides are of the 


* X)er elelrtrische Ofen, H, Moissan, translated into German by Zettel, 1900. 
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greatest significance to organic chemist, because water liberates from them 
acetylene and methane respectively (comp. p. 67). 

Other thermal reactions can also be efiected, such as passing the vapours oi 
carbon compounds over a metallic ^iral heated to incandescence by an electric 
current (C. i 90 i> II- 1042; see also B. ^8,3350). 

Koibe decomposed the aqueous solutions of the potassium salts of monobasic 
carboxylic acids, especially potassium acetate, by the electric current, and thus 
prepared dimethyl or ethane. The following equation represents the ^ectiolysis 
of potassium acetate:— 


+ 


Cll.iCOjx'^HO 


HO|H 
H 


+ ~ 

CH, c6, KOH~H 
I 4^ + -f- f 

CH,^CO, KOH .H 


4 • 

KekuU applied this reaction to the saturated dicarboxylic acids, e.g. succinic 
acid, and later he and Aarland extended it to the Vinsaturated dicarboxylic acids: 
fumaiic acid, maleic acid, mcsaconic acid, citraconic acid,*and itaconic acid (A. 181 , 
79 ; J- pr- Ch. [2] B, 256; 7 , 142 ; comp. C. 1900, I. 1057 ; II. 171). with the pro¬ 
duction of the unsaturated hydrocarbons, ethylene, acetylene, and ^lylene. JCo/da 
and Afaors obtained ethylene dicyanide from cyanacetic acid (B. 4 , 519). 
Crum Brown and /. Walker included the potassium salts of the acid esters of the 
dicarboxylic acids among these reactions, and obtained the neutral esters of 
dibasic acids, e,g. potassium ethyl malonate yielded succinic diethyl ester (A. 261 , 
107; B. 24 , K. 36 ; A. 274 , 41; B. 28 , R. 369, 380). In the electrolysis of an 
alcoholic splution of sodium malonic diethyl ester MuUiken obtained ethane 
tetracorboxylic ester (B. 28 , R. 450). • 

/. Miller and Hans Hofer showed that by electrolysis of potassium acetate 
and potassium ethyl succinate, butyric ester is formed (B. 28 , 2429). MiUliken 
obtained ethane tetracarbqxylic ester by electrolysis of an alcoholic solution of 
sodium malonic diethyl ester (B. 28 , R. 450). • 

Hamonei obtained the diamyl ether of butane-diol by the electrolysis of the 
amyl ether of potassium )S-hydroxypropionate (C. 1901, 1 . 613). f^rom the salts 
of ketocarboxylic acids, either alone or mixed with acetates, Hofer obtained by 
electrolysis ketones and diketones: pyroracemic acid yields diacetyl; IsvulirJu^ 
acid gives octane-2,7-dione, pyroracemic acid and acetic acid yield acetone 
(B. 88,650). 

Hydrogen, generated by electrolysis, is a valuable means for reducing organic 
substances, as its action can be varied according to the liquid, current, voltage, 
cathpde material, etc., employed for the particular requirem.ents of the expeAment. 
Aromatic nitro-bodies can be changed into their various reduction products— 
^-phenylhydroxylamines, aminophenol. azoxy-,azo- or hydrazo-bodies, or into 
anilines (B. 28 , 2349 ; 20,1390; 88,3076). Manj^ substances which are difficult 
to reduce by chemical methods, such as carboxyl groups in ketones, carboxylic 
acids and their esters, lactams, dicarboxylic acid imides, and others, can easily 
be reduced to CHOH or CHs groups in sulphuric acid solutions with cathodes 
possessing a high *' supertension " (Cd, Hg, Pb) (Tafel, B. 88, 2209J 87 , 3187, 
etc.; A. 848 , 199)- « 


THE DIRECT COMBINATION OR CAI^ON WITH OTHER 

ELEMENTS 

• « 

Before dealing with th? systematic (Aassification of the carbon 
compounds, some remarks may be made, by way of introduction, on 
the direct combination of carbon with other elements. Qirbon and 
its various allotropic modifications are described in text-books on 
inorganic chemistry, but its af&nity to 9ther elements may well ;be 
discussed here also, since*from the substances formed the ^umeral^e 
compounds in organic chemistry are derived. 

VOL. I. 
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With one exception the com!)ining power of carbon becomes 
Operative only at high temperatures. In the finely-divided form of 
soot, carbon will combine with fluorine, to form tetrafluoromethane 
or carbon tetrafluoride < ( 

C-|-2F,=:CF4. 

Combination with hydrogen or chlorine can only be brought about 
under the influence of the electric arc, when carbon and hydrogen unite 
to form acetylene, the most reactive of all hydrocarbons, together with 
a little methane (p. 64): 

2C+H,=C,H,; C-f-2H,-CH4; 

*• i< • 

and chlorine and' carbon combine to form hexachlorethane and per- 
chlorobenzene; 

2C-{-3^^i~^iPW J 6C-l-3dj—CjClj. 

Oxygen unites with carl^on, producing carbon monoxide and carbon 
dioxide or carbonic acid gas: 

C4-0=CO; C-|-0,=CO,. 

Which of these two substances '*s formed depends on the temperature of re¬ 
action. At very high temperatures only Carbon monoxide is formed, the dioxide 
bein^ produced below tliis. The alilinity of carbon for oxygon is so great that at 
sufficiently high temperatures the most stable oxides give up their oxygen, so that 
carbon becomes the most important reducing agent for technical purposes. 

Sulphur combines with ciirbon at liigh temperatures in only one 
proportion forming carbon disulphide—the sulphur analogue of the 
anhydride of carbonic acid; 

C-l-S.=^CS,. 

. Carbon, nitrogen, and liydrogcn combine together when a mixture 
of nitrogen and hydrogen is passed between carbon poles of an electric 
arc, forming hydrocyanic acid, a reaction which possibly depends on 
the pnmaiy formation of acetylene : 

C+N+H-IINC. 

or 2C-|-2 H:S=CjHj and C.Ha+N.=2HNC. 

% 

Similarly, carbon, nitrogen, and potassium or sodium, combine at 
high temperatures to form potassium or sodium cyanide. This re¬ 
action ni2*y also depend on the primary formation of potassium or 
sodium acetylide, followpd by subsequent union with nitrogen. Or 
a metallic nitride may first be formed wliich then combines with carbon 
to produce the cyanide. 

At very high temperatitfes tfarbon exhibits the capacity of combining 
directly with many eler^ents of a metallic character to form carbides, 
EVen in the early days the formation of iron carbide was proved to 
take place by the action 6f carbon or molten iron. 

Howevw, pure iron carbide is not known, but it appears that carbon combines 
with iron in various proportions. This is supported by the generation of a 
mixture of hydrocarbons wh*^ such a specimen of iron is dissolved in acids. 

r 

Carbon ^unites with the metals of the alkaline earths, calcium, 
strontium, and barium, in only one proportion. Such a carbide 
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can be considered as being a metal-acetylene compound, which 

generates the gas on contact with water. It is prepared by the 

reduction of the oxide of the metal by carbon in the electric furnace: 

• • 

2C-f-Ca(Sr, Ba)=CtCa(Sr. Ba). 

Aluminium carbide, similarly prep^ed, gives off methane in contact 
with water: 

3C-f* 4®^^ “ Cs-^ 4 ‘ 

Beryllium carbide also yields methane ; manganese carbide generates equal 
volumes of methane and hydrogen ; the carbides of cerium, lanthanum, yttrftm, 
samarium, C,Me, give acetylene and methane; uranium carbide, CsUa yield$ 
methane, hydrogen, and ethylene; whilst the last-na(Qed* carbides also yield ■ 
considerable quantities of fluid and solid hydrocarbons (C. R. 122 ,1462, etc.). 

Whilst the carbides of the enumerated methls give off hydrocarbons when 
treated with acids or water, the carbides of boron, silibon, titanium, zirconium, 
vanadium, tungstdh and chromium are extraordinarily stable and unusually hard; 
so much so that silicon carbide is employed, under the name of carborundum, in 
boring and polishing. The last three carbides are so far useless in the building 
up of carbon compounds. 

The most important substances wJjich have been formed by the 
direct union of carbon with other elements are : 


Acetylene.CjHa 

Calcium Carbide.C^Ca 

Methane . . CU, 

Aluminium Carbide C3AI4 

Carbon ^lonoxide •CO 

Carbon Dioxide . COj 

Carbon Disulphide CS, 

Hydrocyanic Acid HNC 

Potassium Cyanide KNC. 


These bodies arc examples of widely different classes of organic com¬ 
pounds ; methane and aluminium carbide are found at the head of the 
paraffin or acyelic saturated hydrocarbons, wlulst acetylene and c^cium 
carbide occupy a similar position among the unsaturated acyclic 
hydrocarbons possessing a triple bond between two carbon atoms. 
Carbon monoxide, hydrocyanic acid and peftassium cyanide belong to 
the formic acid §roup of bodies which take the lead among the paraffin 
monocarboxylic acids of the acetic acid series; carbon dioxide and 
disulphide are among the carbonic acid groups which are the first 
of the paraffin ^icarboxylic acids. 

Of all these simple compemnds of carbon, the most important is 
carbon dioxide, which forms the basis for the formation of the carbo¬ 
hydrates and fats during the process agjsimilation in the vegetable 
organism ; and also of the proteins when nittogen is taken up. 

Since chemists have not yet succeeded in imitating in the labora¬ 
tory the S5mthetic methods <wf plants, a large^nd increasing number of 
methods have been provided for linking together simple organic 
molecules for the construction of substances of complicated composi¬ 
tion. These methods (see Synthetic Methods, Ring Formation, p. 75) 
depend partly on double decomposition, simnar to the interaction of 
inorganic salts, but mainly on the property of one " unsaturated ” 
molecule (p. 23) to unite with another; on reactions brcftght about 
by the agency of metals, especiall]^ Na, Mg, Al, Zn, Cu» or suitable 
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copipounds of them ; on the influence of acids ; and finally on rise of 
temperature, on sunlight or on electricity (pp. 61-65). 

CLASSIFICATION OF THE CARBON COMPOUNDS. 

# 

The chemical union of the carbon atoms and the resulting character 
of the groups is the basis ol the division of the carbon compounds into 
two principal classes; the fatty or aliphatic substances (from 
fat)—the chain or acyclic carl^n derivatives or the methane derivaiives, 
nnd thq cyclic compounds of carbon. 

The name of tlic first class is borrowed from the fats and fatty acids 
comprising it, which M^crc tl^ first derivatives to be studied accurately. 
They may be termcd«the marsh gas or methane derivaiives, inasmuch 
as they all can be derived*ultimately from methane, CH4. They are 
further classified into saturated and unsaturaied compounds. In the 
first of these, called also limit compounds or paraffins, the directly 
united quadrivalent carbon atoms are linked to each other by a single 
bond, so that the number of affinities still remaining to be satisfied 
in a chain of n carbon atoms is 2«-f2 (p. 23). Their general formula 
is, therefore, expressed in the form C'«Xa«+2, where X represents the 
affinities of the elements or groups directly combined with carbon. 
The unsaturated compounds result from the saturated by the loss of 
an even numl>er of affinities in union with carbon. According to the 
number of affinities ^et capable of saturation, the series are distin¬ 
guished as OnX^K, GiiX2ii>— 2) etc. <, 

The methane derivatives contain open carbon chains, the cyclic 
-derivatives contain closed carbon chains, or rings. When cafbon atoms 
aJone constitute the ring, the resulting bodies are designated carho- 
cyclic compounds. 

Especially important among these cyclic compounds, are those in 
whiefl the ring contains six carlx^n atoms with six free valencies, ^rom 
these are derived substances which KekuU named the aromatic com¬ 
pounds or benzene derivatives. 

The importance of this group has gained for it a special position in 
the chemistry of carbon derivatives. Compared with the aliphatic 
compounds, they show sucJi great differences in chemical behaviour 
that the;7 formerly regarded as a second and distinct class of 
organic bodies. • 

With the advances in organic cliemistry, numerous compounds were 
being constantly discovered which contained carbon atoms united in 
a closed ring, but which approached the fatty bodies more closely 
t^an the aromatic derivatives in chemical behaviour. In the so-caUed 
hydroaromatic compounds^the more pairs^f hydrogen atoms which are 
attached to the l)enzene nucleus in them, the nearer they resemble, in 
chemical character, the aliphatic derivatives. Even more closely allied 
to the latter are those substances which contain a ring consisting of 
three, four, or five carbdn atoms— 

the trimethylene derivatives, 
tdramethylene derivatives, 
peniamethylene derivatives. . 



HYDROCARBONS 69 

• • 

These constitute the passage from the aliphatic bodies to the hydro- 
aromaUc compounds, with which the aromatic derivatives are so closely 
connected. 

There are many carbon conipounds containing rings/' in the 
formation of which not only carbon atoms, but also oxygen, sulphur, 
and nitrogen atoms take part. 

Such bodies have been termed heterocyclic compounds (from mpo$, 
foreign). These derivatives will mainly be discussed at the conclusion 
of the remarks on the open chain bodies, from which they are derived 
by loss of water, hydrogen sulpliide, or ammonia, and into which they 
can again be changed. A large class of heterocyclic bodies— 
^especially of the thiophene, JuJurane, and pyrrole groups, the parent 
substances of the plant alkaloids: pyrifiine, quinoline, isoquinoline, 
etc.—^like the aromatic bodies, possess a vary stable ring. In the case 
of many heterocyclic bodies the open chain compounds, from which 
they may theoretically be deduced, do not actually exist. Therefore 
such heterocyclic compounds will be more conveniently discussed after 
the carbo- or isocyclic derivatives. Thus, the chemistry of the com¬ 
pounds of carbon may be divided into*:— 

I. iS&tty Compounds : Aliphatic compounds, methane derivatives, ' 
chajn or acyclic carbon derivatives. 

11 . Carbooyclic Compounds. 

III. Heterocyclic Compounds. • 

L FATTT COMPOUNDS, ALIPHATIC SUBSTANCES OR METHANE 
DERIVATIVES, CHAIN OR ACYCLIC CARBON DERIVATIVES.^ 

I. HYDROCARBONS 

The hydrocarbons may be regarded as the parent substances from 
w*hjch aU other carbon compounds arise by the replacement'of the 
hydrogen atoms by different elements or groups. 

The fundamental conceptions of the 4 inking of carbon atoms were 
put forward in the iritroduction. We distinguish, therefore, (i) saturated 
and (2) unsaiurated hydrocarbons. The first contain only singly linked 
carbon atoms, whilst the unsaturated contain pairs of carbon atoms 
united doubljf and trebly. As the first series has attained ^he limit of 
saturation by hydrogen, they are frequency called the limit hydro¬ 
carbons, or, after the first member of the series, marsh gas—^the 
methane hydrocarbons. They are not very reactive, and are very stable ; 
hence their designation as paraffins (freftn pagnm affinis). 

A. Slaturated or Limit Hydrocarbons, Paraflfbs, Alkanes,^ Marsh Eas 

or Metha\ie Hydrocarboisf C.H2.43. 

Nomenclature and Isomerism. —In consequence of the equivalence 
of the four affinities of carbon (see p. 21). no isomers are possible for 
the first three members of the series , ' 

CH 4 ,CH,-CH, CH,-CH,-CHg. 

Ilethaiw. Btoane. Propane. 0 


* This word is seldom met with.—-Xr. 
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u Formerly these hydrocarbons were designated the hydrides of uni¬ 
valent radicals—liydrocarbon residues or alkyls: methyl, ethyl, 
propyl, etc. Combined with the water residue or hydroxyl, they 
yielded the alcohols C„l^«.iOH. Vhey were at first cfctained from 
compounds of these radicals with other elements or groups: hence 
the names methyl hydride for methane, ethyl hydride for ethane, etc. 
The first known and most, readily obtained derivatives of the alkyls 
were their hydroxyl derivatives or the alcohols, e.g. C2H6OH, 
ethyl alcohol, and their halogen compounds. 

At the suggestion of ^ 4 . Wi Hofmann their names were formed later 
by replacing the final syllable “ yl ” of the alkyls by the final syllable 
“ ane,” so that meihdiie was used for methyl, ethane for ethyl, propane 
for propyl, etc., and for the* homologous series the name alkanes was 
adopted. 

Two structural isomers exist for the fourth member, C4Hior 


CH CHCH 2—CH, 

Noiiital Butane. 


/CH3 

and CH^j-CHa 

Vh, 

Triuiethyl Metbaoe 
(Isobutane). 


In the name trimethyl methane for isobutane, isomeric with normal 
butane, it is indicated that this substance is derived from methane by 
the replacement of three hydrogen atoms by three methyl groups. 

For the fifth member, pentane, three isomers are possible : 


CH CH 2—CH 3—CH,—CH , 

Normal IViilanc. 


/CII, 

CH( CH, 

\CH,.CH,, 

Dimclbyl Ethyl Mclbane. aUU 


CH,. /CH, 

/C'^ Tetramcthyl Methane. 

cn/ CH, 


The number of theoretically possible isomers now increases rapidly. 
Hexane, has 6 isoniers; heptane, CvHie, 9 isomers; octane, 

CgHie. 18 isomers: tridedane, Ci3H28» 802 isomers.^ On the calcu¬ 
lation of the number and nature of the isomeric paraffins, see Ch, Z, 
1898, I. 395. 

Commencing with the fifth member, the names arg formed from 
. the Greek words representing numlxirs. 


The ** Geneva Convention ** recommends the retention of the ending *' ane/' 
as first suggested hy A. W. Hofmann (J. 1865, 413), for the hydrocarbons CnH^n+if. 
The hydrocarbons with branched rarbon chains are considered as being alkyl 
substitution products of the* normal hydrocarbous already contained in their 
formulae, and the carbon atfuns of this normal hydrocarbon arc numbered. The 
nuVabering is begun with that carbon atom to w^ch the side-chain is adjacent; 

U) (a) (3) '*(4) (5) 

CH,.CH.CH,.CH,.CH,=-[Mcthyl-2-pentane], 

CH, 

■ 


The carbon atoms of a longer substituting radical are also numbered, and, 
indeed, with±wo numbers: the first, indicating the*place where the side-chain is 
attached to the normal chain; and the second, beginning with the carbon atom 
which is joined to the main chain as number one. 
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Should a further alcohol radical attach itself to the middle carbon atom of 
the side-chain, then the expressions for the substituting radical are metho-, 
etho-, etc., instead of methyl-, ethyl-, etc.: * 

(X) k) ( 3 ) U) (5) (6) {'M 

CH,.CH*.CH,.CH.CH,.CH,.CH,=[Metho-4»-ethyl-4-heptane). 

(4i)CH—CH, 

(4*)CH, 

The variation in structure of the carbon chain, or carbon nucleus, is 
the cause of isomerisru in the paraffins. This type of isomerism is 
called chain- or nucleus-isomerism (p. 27). , ‘ * , 

Methods of Formation and Prop^ies of the Paraffins. — 
The saturated hydrocarbons are formed in the dry distillation of wood, 
peat, bituminous shale, brown coal, coal? particularly the boghead 
and cannel coal rich in hydrogen ; hence they are present in illumina¬ 
ting gas and in the light oils of coal-tar. They occur already formed 
in petroleum, particularly in that from America, which consists almost 
exclusively of them, and contains most, members from methane to the 
highest. It is difficult to isolate the individual hydrocarbons from 
such mixtures. Before advancing to the general methods used iij the 
preparation of the paraffins—methods by wliich each separate member 
ran be easily obtained in pure condition—^it will be best to discuss 
the two important boc^es, methane and ethane. 

(i) Methane, CH4, Methyl Hydride^ m.p. —*184°; b.p,7go—164°: 
D.=8 (H=i), or 0*555 (air—i) (C.r. 140 , 407), is produced in the 
decay of organic substances; it is, therefore, disengaged in swamps 
(marsh ga!fe) and mines, in which, mixed with air, it forms fire-damp. 

In certain regions, like Baku in the Caucasus and the petroleum 
districts of America, it escapes, in great quantities, from the earth. 
It is also present, in appreciable amount, in illuminating gas. 

The synthesis of methane, the simplest hydrocarbon, from wHich all 
the fatty bodies may be derived, is particularly important. By the 
synthesis of a carbon compound is understood its formation from the 
elements, or f]\)m such carbon derivatives’which can be obtained 
from the elements. Under proper conditions hydrogen and carbon 
may be directly combined, with the production of acetylene CHSCH 
(p. 64), together with only a small quantity of methane. The latter 
can be obtained (i) from carbon disulphide CS2 (which may also be 
made directly from its constituents) if the vapours of this volatile 
substance, mixed with hydrogen sulphide ggis, be passed over red-hot 
copper {Berthelot ): * • 

C+2S«CS,: CSj+2H,S-i-8Cu=ACH4-h4Cu,S. • 

Or (2) the carbon disulphide may%e converted by tA2>>rine into carbon tetrachloride 
CCI 4 , and this reduced, by nascent hydrogen (sodium amalgam and water) ; 

cs,-f3a,=ca4-i-s,cit: cci4-i-8H=CH4+4Ha. 

(3) Methane is also formed from carbon monoxide and hydrogen, if 
mixture of gases be exposed in an induction tube to the action of electricity 
(p. 66), (A. 160 ,270}, or is led over freshly reduced nickel (C.r. 184 ,5^4): 

aC+O.-aCO ^0-|-3H.-CH4-HH,0. 


i 
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It (4) Aluminium carbide is decomposed, in the cold, by water, lonning ttethahC 
9Qd aluminium hydroxide (B. 27 , R. 620 ; 20 , R. 613) ; 

C,Al4-fi2H,0=3CH4-|-2Al,(0H),. 

(5> 6) Methyl alcohol, or wopd-spirit, can be converged into methane 

by first changing it to methyl iodide, and then reducing the latter with nascent 
hydrogen from moist zinc-coppcr, or with zinc dust in the presence of alcohol 
(B. 0 , 1810), or with potassium hydride (C. 1902, I. 708) ; or by preparing zinc 
methyl, Zn^CHa)^, from methyl iodide, an(^. decomposing it with water: 


CHa.OH 


% 

K 


> CHsH-2H=CH4H-HI 


Zinc Methyl. 


CH4 ,y ^ 


OH 

OH 


(7) Instead of using zinc methyl, it is more convenient to decompose an 
ether solution of methyl magnesium iodide with water: 


CH,MgI+HaO=CH4+MgI.OH. 


In the laboratory methane is made (8) by heating sodium acetate 
with soda-lime, of which the hctive ingredient is sodium hydroxide. 
The addition of the lime is for the purpose of protecting the glass 
vesoel from the corroding action of the molten soduim hydrcftdde : 

CHa.COjNa+NaOH^CHi+NajCO,. 


Methane is a colourless gas possessing a slightly alliaceous odour. 
Its critical temperature is —82®, and its critical pressure 55 atm. At 
low temperatures it forms colourless needles. It is slightly soluble in 
water, but more readily in alcohol. It burns with a faintly luminous, 
'Yellowish flame, and forms explosive mixtures with air, oxygen, and 
chlorine: 


CH4-I-2OJ—COa-f-2HjO (steam). 

t 1 vol. 2 VoU. J vol. 2 vols. • 

It is decomposed into carbon and hydrogen by the continued 
passage of the electric spaCik. Wlien mixed with two volumes of 
chlorine it explodes in direct sunlight, with sep aration of carbon, 

CH4-|-2Cl4«C+4HCl. 

In diffused sunlight chlorine substitution products are produced: 

CH4 -f Clj =HC 1 -f GH4CI—Monochloromethane or methyl ckl<md0, 

CHjCl 4 -Clj=HCl-f CHjClj—^Dichloromethane or methylene chloride. 

CH4Clj4'Cl,=HCl-f CHCI4—Trichloromethanc or chloroform, 

CHCI4 +C1jsHC 1+C(X’4—T^trachloromethane or carbon tetrachloride. 

I • 

. Tlirough methyl chloride methane may be converted into methyl 
alcohol, ethane, ethyl alqohol, and acetictacid. 

Fluorine reacts explosively at —187°- 

Ethane, EtJ^l Hydride, Dimethyl, Methyl Methane, CH3.CH3, 
m.p. —172“ (B. 88, 637^; b.p.730— 84°; D-o (liquid) = 0-466 (B. 27 , 
2767, 3305},^,*^8 hydrocarbon was discovered in 1848 by Frankkmd 
and formed (i) by the addition of hydrogen to the two 

unsatUTj^^l^ll^carbons, acetylene (p. 87) and ethylene (p. 81), when 
the muloiiifHBEfute of the carbon, atoms is broken down. 
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Ethane rtay be obtained from ethyl alcohol by way of (a) ethyl 
iodide or (3) 01 zinc ethyl, just as methane was prepared from methyl 
alcohol: 

I 

C,H,OH- >■ C,H,I+2H =C,H,.H +H 1 


c|hI>^“+HOH =cIhI.H (Frankland) 


Or (4) magnesium ethyl bromide (p/72. Methane) may be decom¬ 
posed by water; or (5)" mercury ethyl by concentrated sulphuric acidf 

C,H,MgBrH-H, 0 =C,H,+MgB».OH 
(C1H5) jHg 4 -HJSO4=2C2HB.H+HgS04 ^Schorlemnier ). 

• « 

These last three methods led to the assumption that ethane was 
ethyl hydride. The following reactions show how ethane can be formed 
from the union of two methyl residues, and hence led to the view that 
the hydrocarbon was dimethyl. (6) Sodium is allowed to act on 
methyl iodide—^the reaction is accelerafted by the addition of one drop 
of acetonitrile (C. 1901, II. 24)—or (7) zinc methyl may be substituted 
for the rfietal: 

' 2CH3l-f2Na=CH3-CH34-2NaI (Wurtz). 

2CH.,I-f(CH,),Zn==2CH8-CH34-ZnI*. 


A more convenient method (8) consists in heating acetic anhydride with barium 
peroxide: 

2(C,H80),0-fBa0j=CjH4+(C,H302),Ba-h2C0*. 


From h theoretical point of view (9) the electrolysis of a concen.^ 
trated solution of potassium acetate (p. 65) (the method used by Kolbe 
(1848) by which he discovered ethane), is of great importance, 'fhe 
s^t breaks dc»vn into its two electrochemical constituents—potassium, 
its electro-positive ion, appearing at the negative pole and separating 
hydrogen from water at that point, and the unstable electronegative 
ion radical CHs.CO^;—, which immediate!y*decomposes at the positive 
pole into —CH3 and CO2. Two methyl groups then unite to dimethyl, 
just as two hydrogen atoms combine to form a molecule of that element; 


+ _ 

CH.jCO, K~HO~k 

I + 

CH.jCO, K HO H 


^ " s 

Ciia 

CH, 




, Both Kolbe and Frankland believed that^th^hydride C4H4.H differed from 
dimethyl CHj.CHs. Such a difference was not possi&e in the light of the valent 
theory. By converting the hydrocarbon from (C^IIgliHg and t^t obtained in 
the electrolysis of potassium ayetate into the ^me ethyl chloride SchorUmmer 
(1863) proved the identity of ethyl hydride C1H5.ll and ^methyl CH5.CH5. thus 
confirming a fundamental requirement of the valence theory: 


HsS 04 

(C,H5)5Hg- 

electric cutient 
sCHj.COtK--- 


Cls 

r— 

a. 


^CHaC^gCl. 



Ethane is a coldurless and odoi^less gas. Its critical temperattare 
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..equals +34® and its critical pressure is 50*2 atmospheres. It acts like 
methane towards solvents. 

Ethane can be converted into ethyl alcohol through its monochloro- 
substitution product. t* ^ 

Homologues of Methane and Ethane.—In preparing the homo¬ 
logous paraffins, the homologues of ethyl alcohol C"H2ii+i.OH and the 
saturated fatty acids are employed. 


1 . Formation from compounds containing a like number of 
, carbon atoms, 

(1) From the unsaturatcfl hydrocarbons by the addition of hydrogen 
(see Ethane). 

(2) By the reduction of alcohols, ketones, and carboxylic acids. 

(а) The alcohol, for example ethyl alcohol, is changed to the chloride, 
bromide, or iodide, which is then reduced with nascent hydrogen, 
by means of zinc and liydrochloric acid, or sodium amalgam and 
alcohol. Tlie iodide may alternatively be treated with aluminium 
chloride (B. 27 , 2766). 

flius, propane has been prepared from the two propyl iodides by zinc 

and hydrochloric acid, as well as from isopropyl chloride by sodium-ammonium 
(C. 1905, II. 112). Trimcthyl methane has been obtained by the action of zinc 
and hydrochloric acid on the iodide of tertiary butyl alcohol. Also, by heating 
the alkyl iodides with z-^nc and water in scaled tube^ at 120-180% paraffins are 
obtained. 

(б) The saturated fatty acids. CnHan + j-COgH, particularly the higher members 
of the series, may be converted into the corresponding paraffins by heating them 

i^with concentrated hydriodic acid and red phosphorus to 200-250* ; c 

C„H„.C 0 gH+ 6 HI-.Ci«H 58 + 3 l*+ 2 H, 0 . 
stearic Acid. Octadecaue. 

(c) The ketones (q.v), resulting from the distillation of the calcium salts of 
fatty toCids, change to paraffins when they are heated with hydriodic acid. Pfc is 
more practical first to prei)are tlic keto-chlorides (p. 93) by the action of phos¬ 
phorus pentachloride upon the ketones, and then to reduce them. 

The last two reactions esptutiiiUy were applied (B. 15 ,1687, 1711 ; 19 , 2218) in 
the preparation of the normal hydrocarbons from nonane, CH«(CHg)9CHa, to ' 
tetracosanc CHg(CH2)22CH3. 

(3) Or^ the alcohol is changed by way of the alkyj iodide into a 

zinc or mercury alkyl, and the zinc alkyls arc then decomposed by 
water (see Methane and' Ethane), and the mercury alkyls by acids 
(see Ethane). Also, the easily prepared magnesium halogen alkyls 
may be decomposed by waver,d:here% liberating the paraffin (C. 1901, 
I. 1000). ' 

II. Formation from confounds rich in^arhon, with loss of carbon, 

(4) A mixture of the salts of fatty acids (the carboxyl derivatives 
of the alkyls) and sodium or potassium hydroxide, or better, soda- 
lime, is subjected to dry'distillation (see Methane), 

When th^higher fatty acids are subjected to this* treatment the usual products 
are the ketones; hydrocarbons, however, are produced wheo sodium methoxide 
is used in place of soda-lime (B. 22 ,3x3^^). 
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The dibasic acids are similarly decomposed: 


t 


/COj.Na 

C.Hi,/ H-2NaOH=C,H„-f2Na,CO,. 
CO|«^a t 



III. Methods of Formation, consisting in the union of alkyls, previously 

not directly combined, with one another. 

(5) Method of Wiirlz: this consists in the action of sodium (or 
reduced silver or copper) on the bromides or iodides of the alcohol 
radicals in ethereal solution (see Ethane)*. Thus with sodium: 

• 

CjHjI yields CgHj.CgHj Diethyl or norftiar Butane. 

CHjCHjCHjiI „ C3H7.CaH7 Di-nonnal-propyl or normal Hexane, 

CHjCHgCHiCHsl ,, C4HJ.C4HB Di-nornial-butyl or normal Octane. 

The addition of one or two drops of acetoditrile accelerates the reaction 
(C. 1901, II. 24). This reaction proceeds especially easily with normal alkyl 
iodides of high molecular weights. Thus, Hell and Hdgele, by fusing myricyl 
iodide with sodium, obtained kexacontane, CqoHju, a compound having by far 
the longest normal carbon chain known up to the present time (B, 22 , 502). By 
employing a mixture of the iodides of tw'o primary alcohols, hydrocarbons result 
from the union of the differing radicals. The iodides of optically active (p. 30) 
alcohols, e.e,, optically active amyl iodide, yield optically active paraffins (B. 27 , 
R. 852). Magnesium acts similarly to sodium on the iodides of the higher alcdholic 
radicals (C. 1901, 1 . 999 ; B. 36 , for example : tertiary butyl bromide and 

magnesium give hexamethyl ethane (CTX5)3C.C(CHJj, which is also formed by 
the interaction of pentamethyl ethyl bromide and methyl magnesium bromide 
(C. 1906, II. 748): » 


C(CH,),.C{CIl3)2Br+Cn.,MgBr==(CH3)3C.C(CH3),-fMgBr,. 

(6) Action of zinc alkyls on alkylogcns (see Kthane) and ketone chlorides: 
thus, tertia:«y butyl iodide and zinc ethyl give trimethyl ethyl methane (B, 82 ,,. 
1445; 38 , X905) ; also acetone chloride or j8-dichloropropane is changed by zinc 
methyl into tetraraethyl methane : , 


ch’>‘*o 

Acetone. 


PCI, 




Acetone Chloride. 


(7) By the electrolysis of the alkali salts of fatty acids (sec Ethane). Alcohols 
may occur as subsidiary products; methyl Jlci)hol from potassium acetate; 
ethyl alcohol frcfn soflium propionate. Also unsaturated hydrocarbons, as 
isobutylene, may be produced from trimetbyl acetic acid. 


Synthetic Methods.—^Tlie last group of reactions comprises 
synthetic methods for the building up of hydrocarbons. In the for¬ 
mation of methane from carbon disulphide and hydrogen sulphide 
it was explained what in general was understood by the synthesis 
of a carbon compound. Those reactions ip which carbon atoms, not 
before combined with one another, becomo united, claim particular 
importance in the synthesis of the compounds of carbon {Lieben, jA. 
146 , 200). Most of the carbon derivative^ are due in the first place 
to the combining power of the carbon atonfs fimong themselves. Such 
reactions are the synthetic methods of organic chemistry in the more 
restricted sense. In the future we sh^ designate them nucleus- 
syrUheses, They genetically bind together tHe members of an homo* 
logons series, and the homologous series among themselves, and the 
open carbon chains with closed chains, or rings. ^ 

The synthesis of a carbon compound from derivatives of carbon of 
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Tcnown structure is one of the most important means employed for the 
recognition of its structure or constitution, ' 

Properties oj the Paraffins ,—^The lowest members o^ the series up 
to butane and tetramethyl methane are gases at the ordinary tem¬ 
perature. The middle members are colourless liquids, with a faint 
but characteristic odour. The higher representatives, beginning with 
hexadecane, C,0H84, m.p, i8°, are crystalline solids. The highest 
members are only volatile without decomposition under reduced pressure. 
The boiling points rise with the molecular weights ; the difference for 
CH, is at first 30°, and with the higher members it varies from 25® to 13®. 
" The boiling points of propane, of the two butanes, the three pentanes, 
and the five known hexanes are given iit the following table. All the 
theoretically possible isomers are known : 


CjH* Propane 

C4H, 0 Normal Butane 

Trimethyl Methane 
C|His Normal Pentane 

Dimethyl Kthyl Methane 
Tetramethyl Methane 
C*Hi 4 Normal Hexane 

Methyl Diethyl Methane 
Dimethyl Propyl Methane 
Di-isopropyl 

Trimethyl Kthyl Methane 


Structural Formula. 
CHa.CHa.CH3 

CHa.CHj.CHa.CHa 

CH,.CH(CH 3 )a 

CHa-lCHala-CHa 

CHaCHa-CHCCHs)* 

C(CH 3)4 

CHatCHalaCHa 

CH3CH(CaH3), 

CHaCHt.CHaCH(CH3 

(CH3)aCH.CH(CHa)a 

CHaCHa.C(CHa)^ 


, B.p. at 760 ni.m. 

—45“ (B. 27 , 3306: 

C. 1905, II. II2). 
4 - I®(B. 27 , 2768), 

+38^ 

+ 9® (B. 32. 1449 )- 

. o 


>9 +62® 

+ 58“ 

-f 49 ® (B. 32 , 1449)* 


It is evident from this table that among isomers those with 
normal structure (p. 27) have the highest boiling points: genera^y 
the accumulation of methyl groups in the molecule lowers the boiling 
points. The same regularity will be again encountered in other 
homologous series. The subjoined table contains the melting pioints, 
boiling points, and the specific gravities of the known normal 
parai^s; 

M.P. 


Heptane . 

Octane . 
Nonane . . 

Decane . . 

Undecane 
Dodccane 
Tridecane . 
Tetradecane, 
Pentadecane 
Hexadecane . 
Heptadecane 
Octadecane . 
Nonadecane . 
Eicosane • 
Heneicosane. 
Docosane 
Tiicosaneg . 
Tetracosane . 
Heptacosane. 
Hentriacontane 
Dotriacontpne 
Pentatiiacontane 
Dimyricyl 


C,H,4, 

CaHi’a 

C9H20 

CtoH 99 

C„Ha 4 

CijHag 

CiaHjB 

Ci*Hjo 

CaaHa. 

Ct 4 K 84 

C<*H 40 

C.lrfi 4 

C.,H„ 

C„H„ 

c^’h” 


-51 

“ 32 “ 
- 26 * 5 ® 
— 12 ® 
- 6 * 2 ® 

+ 5 - 5 ® 
+ 10® 

-ftS® 

+ 22*5® 
-f2«® 

+ 32® 

+ 36*7® 
+40-4® 
+ 44 * 4 ® 
+ 47 * 7 ® 

+ 5x1® 

+ 59 * 5 ® 
+ 68 - 1 ® 
+70.0® 

+ 74*7 

+ I02* 


o 

(A 

i 

P. 

£ 

r«. 

Ih 

V 

•o 

a 

P 


9 




«r> 

H 

M 

Al 

I 


B.P. 

9 «’ 4 ® 

I 25 ’ 5 ° 

I 49 ' 5 ® 

194*5 

214® 

2525 

270*5® 

287 ’ 5 ® 

303® 

3x7® 

330® 

205® 

215® 

224-5'’ 

234' 

*43; 

270® 

302® 

310® 

33*® 


Sp. Gr. 
0*7000 (O®) 
0*7188 (o®) 
^0-7330 (O®) 
07456 (o®) 

0*7745 \ 
0773 

0*775 
0*775 

0775 
0775 

0*776 
0*776 
0777 \ 

0*777 / 

0*778 
0-778 
0-778 
0-778 
0-779 
0*780 
0*781 
0*781 




at their 
m.p. 
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> n-Heptane is formed during the distillationr of the resin of Pinus SiMniana 
and Pinus Jeffreys (C. 1901. I. 114^). Methyl ethyl propyl methane, one of the 
isomers of n-heptane, is the simplest hydrocarbon containing an asymmetrfb 
C-atom (see p. zp). Its dextro-rotatory fomi, b.p. 91*, and l«r=+9*5*, is pre¬ 
pared by the action of sodium on ethyl Jbdide (B. 87 , io4iS). 

Of the isomers of n-octane* hexameihyl ethane (CH,),C.C(CH,)j, m.p. 104*, 
b.p. 107*, should be mentioned on account of its high vapour pressure, and 
similarity to perchlorethane (p. 95); it results from the reaction of pentamethyt 
ethyl bromide and methyl magnesium bromide (€*1906, II. 74S). 

beptacosane and hentriacontane *have been found in American tobacco 
(C. i9ot, IT. 395). 

The saturated hydrocarbons are insoluble in water, whilst the lower and 
intermediate members are readily soluble in alcohol and ether. The solubulity 
in these last two solvents falls with increasing molecular'weight: dimyricylf 
C*oH, 22, m.p. 102®, is scarcely soluble in either of them. • ' 

The specific gravities of the liquid and solid hydrocarbons increase with their 
molecular weights, but arc always less than that of wat§r. It is remarkable that 
in the case of thcJiigher members the specific gravities at the point of fusion are 
almost the same. They rise from 0773 for dodecane CigUss, to but 0781 for 
pentatriacontanc, : consequently the molecular volumes are nearly 

proportional to the molecular weights (B. 15 ,1719 ; A. 223 , z68). 

The paraffins are not absorbed by bromine in the cold or sulphuric 
acid, being in this way readily distinguished and separated from the 
unsaturated hydrocarbons. They are very stable, and, in con¬ 
sequence,* react with difficulty. Fuming nitric acid and even chromic 
acid* are without mucli effect upon them in the cold; when 
heated, however, they generally are oxidized directly to carbon 
dioxide and water. Recently, n-hexane and*n-c)ctane have been 
nitrated by heating them with dilute nitric acid. The isomers are 
more easily attacked than are the n-paraffins (sec nitro-derivatives of 
the paraf^ns). When acted on by chlorine or bromine they yield^ 
substitution products. 

By means of the latter the paraffins can easily be converted, tis 
observed under methane and ethane, into other derivatives. 

• * , 

\^hcn nitrating and chlorinating the paraffins and the paraffin groups in 

carbon compounds, the general rule holds good that in most cases the tertiary 
hydrogen atom is easier to replace than the secondary, and the secondary than 
the primary (B. 8^, 14^). 

Technical Preparation of the Saturated Hydrocarbons.—The hydro¬ 
carbons, readily obtainable on a commercial scale, are employed in 
enormous quantities for illuminating and heating purposes, are also 
used as solvents for fats, oils, and resins, asjubricants for machinery, 
and as salves. 

The great abundance of mineral oil, petroleum, rock-oil, napMha, is, 

' of the utmost importance to clicmical iflduAry. Tlie oil is very widely 
distributed, but only occurs in certain districts in sufficiently large 
quantities to be usefully wo^ed. It is especially abundant in Pennsyl¬ 
vania and Canada, althougn it is also found in the Crimea along the 
Black Sea, and at Baku on the shore of the Caspian, as well as in 
THungary, Galicia, Roumania, and the Argentine Republic. Its 
occurrence in Germany, in Hanover, and in*Alsace is limited. Since ' 
the year 1859 efforts have been put forth to work oil wells which have 
been known for many years, and also to make new borings, (S^ 
H 6 fcr. Das Erddl und seine Verwandten, 1906.) ' 
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The following data give some idea of the vast quantities in which this product 
is^handled; in 1904 the world's production of crude naphtha was about 28*6 
million tons, of which America contributed i5'o million tons, Russia io‘6, Dutch 
Indies Z’o, etc. Since 1901 the production in Russia has fallen, w|jfilst in America 
and most other countries it has risen. * 

In a crude state it is a thick, oily liquid, of brownish colour, which 
appears green by reflected, light. Its more volatile constituents are 
lost upon exposure to the air ; it thAi thickens and eventually passes 
into asphaltum. The greatest differences prevail in the various kinds 
of petroleum. It is very probable that petroleum has been produced 
by the decomposition of the fatty constituents of fossil animals. This 
• took place under the •influence of great pressure and the heat of the 
earth. The distillation of fish blubber under pressure has yielded 
products very similar to the American petroleum {Engler, B. 26 , 1449 > 
30,3908; 33,7; B. 24 , R. 594). * 

Mcndelcjejf {\Tst suggested that it was possible for petroleum to be 
formed by the action of water on the metallic carbides in the interior 
of the earth, and Moissan subsequently came to the same conclusion 
during his investigations on lli» carbides ( 13 . 29 , R. 614). 

Apart from geological evidence tlie following facts contradict this 
view and favour an organic origin for petroleum : (i) a small nitrogen 
content (pyridine bases) in most specimens of petroleiam ; (2). the 
optical activity of tlic liighcr fractions, which according to present 
knowledge could not be formed by such a synthesis, as this would 
lead to the formation ot racemic (inactive) bodies only (p. 56, Ch. Z. 
1096, 711). 

The constituents of American petroleum possessing a low boiling 
^X)int. consist almost entirely of saturated hydrocarbons, bdfch normal 
paraffins and those of the general formul£e CHR3, and 

CR4 (B. 32 , 1445 ; 33 , 1905). Yet small quantities of some of the 
benzeye hydrocarbons (cumene and mesitylenc) are present. TJie 
crude oil has a specific gravity of 0*8-0*92, and distils from 30° to 36o®^nd 
higher. Various products, of leclmical value, have been obtained from 
it by fractional i^isXvihxiiovf Petroleum spirit, gr. o’Gfis-o'by, dis¬ 
tilling about 50-60°, consists of pentane and hexane ; petroleum 
benzine, sp. gr. 0‘68-o*72 (not to be confounded with the benzene of 
coal tar), distils at 70-90°, and is composed of hexane and heptane ; 
ligroine; boiling from 90° to 120°, consists principally ol heptane and 
octane ; refined pctroleunif called also kerosene, boils from 150° to 300®, 
sp. gr. 0’78 -o* 82. (For tlic apparatus of Engler and Abel intended to 
determine the flash point/)£ jjdrolcum, see Eisner: Die Praxis des 
Chemikers, [1893] 399, 4^1 ; B. 29 , R. 553.) The portions boiling 
at. high temperatures are applied as lubricants; small amounts of 
vaseline and paraffins (see^hflow) are obtai|ied from them. 

Caucasian petroleum (from Baku) has a*higher specific gravity than the 
American; it contains far less of the light volatile constituents, and distils at 
about 150®. Upwards of lo^per cent, of benzene hydrocarbons (C,H, to cymene 
CxqHi 4) as well as less saturated hydrocarbons. C„Htn~8i etc., may be extracted 
by shaking it with concentrated sulphuric acid (B. 19 , R. 672). These latter are 
also present 4 a the German oils (Naphthenes. B. 26 , 595 )> That portion of the 
Caucasian petroleum insoluble in sulphuric acid consists almost exclusively of 
CnH^ hydrocarbons, the naphthenes, ^hich belong to the cycloparaffins (p. 80)^ 
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and are probably chiefly cyclopentanes, mixed, perhaps, with aromoHc hydrides ; 
hexahydroxylene=octonaphthcne, hex^ydromesitylcne^non-naphthene (B. 16 . 
1873 ; 18 , R. 186; 20 ,1850, R. 570). From its composition. Galician petroleum 
occupies a position intermediate between the American afid that trom Baku 
(A. MO, 188). • 

German petroleum also contains benzene hydrocarbons (extractable by 
sulphuric acid), but consists chiefly of the saturated hydrocarbons and naphthenes 
(Kramer, B. 20 , 595). The so-called petrolic acids are present in all varieties oi 
petroleum, particularly that from Russia {BeilsUin, Hdb. d. org. Ch.. III. Ed. 

522, c. 1897.1-1153)* 

Products similar to those occurring in mineral oil are yielded by the tars 
resulting from the dry distillation of brown-coal (from the province of Saxony), 
and of the bituminous shale (in Scotland and the Gewerkschalt Messel. Darmstadt, 
in Hesse). These tars contain appreciably greater quantities of unsaturated • 
hydrocarbons associated with the naphthenes and parafhn.., as*well as the aromatic 
hydrocarbons present in the tar from bituminous shales {Hettsler, B. 28 , 488; 30 , 
2743 ; Z. anorg. Ch. 1896. 3i9)' Large quantities of solid paraffins are also present 
^ in these tar oils. 

By solid paraffin is ordinarily understood the high-boiling solid 
hydrocarbons (above 300°) obtained by the distillation of the tar 
of wood, peat, lignite, and bituminous shales. They were discovered 
by Reichenbach (1830) in the tar from the beech-wood, and, in nature 
occur more abundantly in the petroleum from Baku than in that from 
America, ' In the free state they constitute the class of mineral waxes, 
which includes ozokerite (in Galicia and Roumania, and Tscheleken, an 
island in the Caspian Sea, B. 16 , 1547) ; and nefligil (in Baku). For 
their purification the ci'ude paraffins are treated with concentrated 
sulphuric acid, to destroy the resmous constituents, and are then 
re-distilled. Ozokerite that has been bleached without distillation, 
bears the ^name ceresine, and is used as a substitute for beeswax. 
Paraffins tliat liquefy readily and fuse between 30° and 40® are known 
as vaselines, and find application as salves. 

When pure, the solid paraffins form a white, translucent, leafy, 
crystalline mass, soluble in etlier and Iiot alcohol. They melt between 
45® and 70®, and arc essentially a mixture of saturated hydrocarbons 
boiling above 300®. but appear to contain also those of the formula 
CMH2n* Chemicj\lly, paraffin is extremely 'st’able, and is not attacked 
by fuming nitric acid. Substitution products are formed when chlorine 
acts upon paraffin in a molten state. 

» 

B. Unsaturated Hydrocarhonfl 

1. Cnlle.. Olfflnes, Alkylenes. Alkenes, 

2. Acetylene Sories.vAlkines. 

3. C„Ha„_2 Diolefine Series, Alicadiencs. 

4. C„H2»i- 4 Olefinacetylene Seriej. 

5. C«H2n-8 . Diacetylene Series. 

I. OLEFINES or ALKYLENES, Cnii^n 

The hydrocarbons of this series contain two hydrogen atoms less 
than the saturated hydrocarbons. All contain two adjacent carbon 
atoms united doubly to each other, or, as commonly expressed, they 
contain a double carbon linkage. The olefines readily take up two 
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univalent atoms or radicals, wherefoy the double carton union becomes 
converted into a single one : paraftos or their derivatives result. 


The names of the olefines are derived ^^rom the names of the aV^ohols containing 
a like carbon content, with the addition of the suffix “ ene " : ethylene from e^yl, 
propylene from propyl, and finally for the series we have the name: alhylen^s, in 
the ** Geneva names the yl of the alcohol radicals is replaced by " ene " : [ethene] 
from ethyl, [propene] from propyl, and for the series ; aXkenes. In long series the 
position of the double union is'indicated by ^ added number (p. 70). Methylene, 
ssCH), the hydrogen compound corresponding to CO, has thus far resisted isola¬ 
tion as completely as —CH Two CH , groups invariably unite to form ethylene 
—the first member of the series. , Beginning with the second member of the series, 
^ propylene, we find, as we advance, that the olefines, have isomers in the ring- 
shaped hydrocarbons—^{he cycloparaffins or cyclic limit hydrocarbons: 


Propylene is isomeric with trimhhylene —[Cyclopropane] . 

9 

The three butylenes are isomeric with tetramethylene — 

[Cyclobutane] 

The five amylenes are isomeric with peyitamethyUne — 

[Cyclopentane] 

The hexylenes are isomeric with hexameikylene — . 

hexahyd^ohenzene [Cyclohexane] 

The heptylencs arc isomeric with— heptamethylene . 

suberane [Cyclohcptane] 


CII 


CHg.CHa 

CHa-CH, 


CHj-CHa-CHj 

CHa-CHt-CH, 


CH,.CHa.CHa\^ 

CfU.CHa.CHa'^'^H, 


The cycloparaffins are more closely allied, in chemical character, |o the 
paraffins than to their isomeric olefines, as they only contain singly linked carbon 
atoms. They lack in additive power, as the addition of hydrogen could only 
result in a rapture of th.^ ring. Together with their clorivatives, the cycloparaffins 
form the transition from fatty bodies to the aromatic compounds. They will not 
be considered io the discussion of the olefines. ' 

OUfinz isomzrs appear first with butylene. Three modifications are possible 
and are known : » 


ti) CH,--CH,-~CTI~CH, (2) CH,--CH-CH-CHj (3) CH,=C(CH,), 

Butyitue [Butene-x]. Pscudobutylune [i<uterte-2]. Ibobulylenc [Methyl PropeneJ. 


Pseudobutylene has been obtained in two geometrical isomeric modifications 
(p. 35 ) (A. 8la, 207): 


CH,. /CH, 

)C=C<' , » 
IV ^H 

p\. oe-symrae trkal 
PseuJobulyleue, b p. 


CHj 
H 

Axially-symmctncat 
Pbeudobutyleue, b.p. 2*3*. 


>C=C<“ 

^ ‘ T-H, 


Five olefines of the formula C5H10 are pjssible. 

Ethylene may be taken as being typical of the olefines. 

Ethylene, CU2==CH’g [Ethene], E/ay/;m.p. —169°, b.p.y^o —105®, 
is also known as oil-forming gas, because, by the action of chlorine, it 
yields an oily compound,- ethylene chloride {q.v.). This property has 
given the name to the Whole series. Ethylene is formed during the 
distillation of maiiy organic bodies, and is, therefore, present in 
illuminating gas to the 9X‘'ont of 4 to 5 per cent. 

Meihods of Formation. —(i) By*heating methylene iodide, CH2l2> 
with metallic copper to 100® in a sealed tube {BtUlerow ): 

CH, 

2CH,I,-|-4Cu= 11 d-2Cu,I,. 

CH, 

(2) By the action of metallic sodium on ethylidene chloride 


o 
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(Tollens) and ethylene chloride, well as from zinc and ethylene 
bromide: ^ 

CHClg CHgCl CHg CHgBr CH, 

I orf +aNa= I! +2iraCl; | -f-Zn* |I +ZnBr.. 

CHg CHgQ CH, CHgBr CH, 


(3) action of zinc and ammonia on copper acetylide ; and 
of a mixture of acetylene and hydrogen'in the presence of finely 
divided metals, such as nickel: 

CH CHg 

III +2H=!'' . 

CH CHa 

I 

(4) When alcoholic potassium hydroxide acts on ethyl bromide : 

* CHgBr CH* 

I +KOn.--;! +KBr+HaO. 

CH'a CHa 


(5) Upon heating ethyl sulphuric acid (p. 82). This is the method 
usually pursued in the laboratory fur the preparation of ethylene 
(A. 192 , 244): 


Sulphuric acid may be replaced, vvitli advantage, by syrupy phos¬ 
phoric acid, because no charring occurs when \his acid is employed. 
The ethylene is evolved when alcohol is slowty dropped into the acid 
which is heated to 200-220*" (C. 1901, II. 177). 

(6) By the electrolysis of a concentrated solution of potassium^ 
succinate (see ethane) {Kekule ): 


u 


+ 


CHjlCOg K HO H 

I i 4 - i 

CH, COg K HO.H 


+ — 

^ H 

^ ! +2C02+2K0HH- I . 

CH, H 


e 


Ethylene is a colourless gas, ^vith a peculiar, sweetish odour. Water 
dissolves but small quantities of it, whilst alcoliol and ether absorb 
about 2 volumes. It is liquefied at o®, at a pressure of 42 atmo¬ 
spheres. Its icritical temperature is 13°, and its critical pressure 
exceeds 60 atmospheres. It is suitable for the production of very 
low temperatures (B. 32 , 49). It burns with a bright, luminous flame, 
decomposing initially into methane and acetylene (B. 27 , R. 459 )* A 
mixture of ethylene and chlorine whv^n fgnited bums slowly wth a 
very sooty flame. It forms a strongly explosive mixture with oxygen 
(3 volumes). 

(1) In the presence of plStinum black, if^v ill combine with hydrogen 
at ordinary temperatures, yielding C2H0 (B. 7 , 354). 

(2) It is absorbed by concentrated hydrobromic and hydriodic 
acids at 100°, with the production of C2H5BE‘and C2H6I: 


CHa • CH, 

II I ; 

CH, CH, 



CH, CH,I 

I! +HI=: 

CH, CH, 
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^3) It combines with sulphuric^ acid at 160-174®, forming ethyl 
sulphuric acid; and with sulphuric anhydride it yields carbyl 
sulphate: 


CH, /OH yO.CaHg CH, CH,.O.SO,v 

, II +SO,< =SO,< ; IL + 2 SO,= I > 0 . 

/ CH, ^OH CH, CHg-SO,/ 

j 

(4) It unites readily with chlorint and bromine, as well as with 
iodine in alcoholic solution, and with the two iodine chlorides (B. 26 , 
368); 

, Cn% CH,Br CH, CH,C1 

II • -f,Br,= I ; II +C1I= I 

CH, CHaBr CH, CH,I 


(5) It forms the monophlorhydrin of glycol by its union with 
hypochlorous acid, 

(6) Ethylene glycol itself, however, is produced by carefully 
oxidizing ethylene with dilute potassium permanganate, which acts 
as if hydrogen peroxide added itself to the ethylene : 

CH, CH,C 1 CH, OH CH,OH 

11 + ClOH =1 ; II + I « I 

I CH, CH,OH CH, OH CH,OH 


Ethylene combines with mercuric salts in solution forming such compounds 
as CH,(OH).CH,HgCl, ClHgCH,,CH,.O.CH,.CH,.HgCl, which can be looked 
upon as being derivatives'of ethylene glycol (B. 34 , 2906). 

Ethylene Homologues.—Higher olefines are found in the tar 
jpbtained from bituminous shales (B. 28 , 496), in American petroleum 
(C. 1906, II. 120), and apparently also in coal tar (B. 38 , 1296). Just 
as ethyl alcohol is the most suitable substance for the preparation of 
ethylene, so its homologues are the best parent substance for the pro¬ 
duction of the homologues of ethylene. 

Methods of Formation, —(i) The halogen derivatives, readily formed 
from the alcohols, are digested with dcoholic sodium or potassium 
hydroxide. * 

In this reaction the haloid (especially the iodide) derivatives corresponding with 
the secondary and tertiary alcohols break up very readily (C. 1900, I. 1063). 
PfopyUne has been obtained from isopropyl iodide, a-butylene from the iodide of 
normal butyl alcohol, p-butylene from secondary butyl iodide, and isobutylene 
fiom the iodide of tertiary butyl alcohol. Many others have been prraared in 
the same way. Heating with lead oxide ejects the same result (B. il, 4x4). 
Tertiary iodides yield olefines when treated with ammonia. 

{2) Distillation of the^ monohydric alcohols, CnHgn+iOH, with 
dehydrating agents, e,g, Sulphuric acid, zinc chloride, and phosphorus 
pentoxide' (C. 1901, IL 77)0 iv boron trioxlQe or oxalic acid (C, 1898, 
I. 557; B. 34 , 3249) causes the removal of one molecule of water, 
and, thereby, the production of the corresponding olefine. Isomeric 
and pol3mieric forms are produced together with the normal olefines. 

The secondary and tertiary alcohols decompose, particularly readily. The 
higher alcohols, not volatile without decomposition, undergo the above change 
when heat is applied to them; thus cetene, C|,H,„ is formed on distilling cetyl 
alcohol, C|,H,^0* 
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When sulphuric acid acts on the alc^ols, acid estets of snlphiiric acid (the 
so-c^ed acid ethereal salts—see these) appear as intermediate products. Whe% 
heated they break down into sulphuric acid and CnHyn hydrocarbons (comp. 

ei&yl^e). ' f ^ 

The higher olefines may be obtained I'rom the corresponding alcohols by dis¬ 
tilling the esters they form with the fatty acids. The prraucts are an olefine and 
an acid (B. 16 > 3018): 


Dodecyl Ester of f Palmitic Dodecyle&e. 

Palmitic Acid. Add. 


Also, xanthogenic acid ester decomposes at relatively low temperatures into 
olefines, carbon oxysulphide and mercaptans (B? 32 , 3332). 

(3) Halogen addition products of the olefines "(sei ethylene) react 

with metals to form free olefines. • 

(4) By heating al^l ammonium phosphates (B. 84 , 300), 

(5) The electrolysis of the potassium salt^ of saturated dicarboxylic 
acids (see ethylene) results, as follows : glutaric acid yields propylene 
(C. 1904, 11 . 823). 

(6) When zinc alkyls act on bromo-olefines, the olefines are 
liberated, e.g, CH2=CHBr, which with •zinc ethyl 5delds a-butylene 
or ethyl ethylene. 

(7) Higher olefines have also been obtained by the reaction of 
WUrl& (p. 75). 

(8) The formation of higher alkylenes by the linking of lower 
mem^rs with tertiary akohols or alkyl iodides, i^ noteworthy. Thus, 
from tertiary butyl alcohol and isobutylene, by means of zinc chloride 
or sulphuric acid, isodibutylene is obtained (A. 189 ,65 ; B. 27 , R. 626): 

(CHJiC.OH+CH, : C(CHj)a = (CH,),C.CH : C(CHJ,+H,0. 

Isodibutylene. 

The action of the ZnCla is due to the intermediate formation of addition 
products, e.g. trimethyl ethylene and zinc chloride unite to the crystalline com¬ 
pound (CHa),C=^CHCH,.2ZnCl,. Water converts this into dimethyl ethyl 
carmnol, whilst hydrogen cliloride produces the chloride of the latter. This 
chloridle and trimethyl ethylene then unite to form a saturated chloride, which, 
on distillation, splits off hydrochloric acid and yi^ld^ diamylene (B. 26 , R. 865); 
see also polymerizarion oi olefines. 

Tetramethyl etnylene (B 16 , 398) is produced by heating / 3 -isoamylene 
(see p. 83) with methyl iodide and lead oxide : 


(CH^gC: CH.CH,-|-CHJ = (CHJ,C: C(CH,),+HI. 

In the dry distillation of many complicated carbon compounds the olefines are 
produced together with the normal paraffins, hence ttfeir presence in illuminating 
gas and in oils (see ethylene). 

• • 

Properties ai%d Reactions of the Olefinel .—So far as ph3rsical 
properties are concerned, the olefines resembte the normal hydro- 
<^l^ns; the lower membeas are gases, intermediate ethereal 
liquids, whilst the higher (from CiflH32 upwards) are solids. Generally, 
their boiling points are a few degrees higher than those of the corre¬ 
sponding paraffins. 

In chemical properties, on the other hand, tbey differ greatly from 
the paraffins. Being unsaturated, they can unite directly ^th two 
imvalent atoms or groups, whereby the double bond becomes 
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They combine: 

* (i) With nascent hydrogen, forming paraffins with a like number 

of carbon atoms (see ethylene). 

(2) With HBr and, with especial readiness, with Hf. 

The halogen acids attach themselves in such a manner to the mono- and di¬ 
alkyl cthylenes that the halogen unites with the carbon atom combined with fewest 
hydrogen atoms (B. 39 , 2T3.s)^ As such alkylizcd ethylenes can be prepared from 
the proper primary alcohols by the splitting-off of water, these reactions can be 
employed to convert primary into secondary alcohols, and also tertiary alcohols 
(p. 107). 

The olefines are also capable 6 i combining with the fatty acids (B. 25 , R. 463). 
' but only when exposed to high temperatures (290-300^), e,g,: 

C5H„Cn-CHj4-CIJ3.CO,H=Catli,CH(O.CO.CHs).CH,. 

Pentyl Ethylene. Sec.-Heptyl Acetate. 

$ 

(3) Concentrated sulphuric acid absorbs them, forming ethereal 
salts. This is a reaction which can be used, to convert olefines into 
alcohols, and also to separate tliem from paraffins (see p. 81), which are 
much more resistant to the action of sulphuric acid (C. 1899, I, 967). 

{4) They form dihalidcs (s?e ethylene) with CI2, Br2,12, CIL These 
can be viewed as the haloid esters of the dihydric alcohols—the glycols, 
into which they can be converted. 


(5) They yield cblorhydrins with aqueous hypochlorous acid. These are the 
basic esters of the glycols (see ethylene), in which the hydroxyl is attached to 
the less hydrogenized carbon atom (C. 1901, U. 124^. 

(6a) Potassium permanganate in dilute solution changes them to 
glycols (B. 21 , 1230, 3359). 


The last three reactions afiord a means of converting monacid ^monohydric) 
aicohols into dihydric alcohols or glycols (g.v.). The olefines take an intermediate 
part in these changes, e.g»: 

CHj.Br' 
i^l 


CH,OH 

I 

CH, 


CH, 

>li ■ 

•CH 



A( C£f,.OH 
CHj.OH CU,.OH 
">! 

CH*Cl 


(66) Energetic oxidation severs the double bond of the olefines. 
Ozone, O3, becomes added at the double bond to form ozonides, which 
are decomposed by water into two molecules of aldehydes or ketones 
(A. 343 , 311): 

R,C=CR'a t> R,C—CR', R.CO-f-OCR'a. 


( 7 ) N.O, and Nj 04 convert the olefines into nifrosifes and nitrosates 
They are the nitrites and nferStes of oximes of hydroxyaldehydes and hydroxy- 
ketones. The olefines can even take up nitrosyl chloride (B. 12 , 169; 27 , 455, 
R. 467; C. 1901, II. 1201). The resulting addition products are changed by 
boiling water, alcoholic potassium hydroxide, and ammonia back into the olefines 
(B. 29 , 1550). 

(8) Polymerisation of Olefines .—When acted on by dilute sulphuric acid 
(B. 29 , X55t>), zinc chloride (C. 1897, I. 360), boron "fluoride, and other substances, 
many olefines undergo pol}rmerization even at ordinary temperatures, in con¬ 
sequence of the union of several molecules. Thns, there result from isobutylene, 
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C4H,: di-isobutylene, from isoamylene, : di-isoamylene, ; 

tri-isoamylene, CigHm, etc. Butylene and propylene behave in the same 
Ethylene, on the other hand, is not condensed by sulphuric acid or by boron 
fluoride. The polymers act like unsatfirated compounds, and contain a pair of 
doubly linked carton atoms. , 

Although ethylene itself undergoes no alteration, yet its unsymmetncal 
halogen substitution products polymerize very readily (see p. 98). 


Below are given the boiling joints of some of the homologues of 
ethylene. It is most convenient to designate them as alkyl substi¬ 
tution products of ethylene. 


Propylene.CHaCH=fcH, 

Ethyl Ethylene . . . . CHjCHjCH=CH, * 

Dimethyl Ethylene CH,.CH=CII.CH,^ 

unsym. Dimethyl Ethylene . . (CHaljC—CIJ* 

n,-Propyl Ethylene . . Cll^CHjCHjCH—CHg 

a-Amylene 

Isopropyl Ethylene .... (CHJaCH.CH—Cllg 
a-Isoamylenc 

sym. Methyl Ethyl Ethylene , CHg.CH^.CH—CH.CHj 
/ 3 -Amylene 

unsym. Methyl Ethyl Ethylene . 
y-Amylene CH 3 * 

Trimethyl Ethylene .... (CHslgC —CH.CH3 
^-Isoamylcne 

TetramcUiyl l-thylene . . . (CHglnC—0(0113)2 


—48® gaseous 
(B. 83 , 638). • 

“ 5 ® 

/ + i^ 

1+2*5® (P- 80). 

- 6 “ 

+39® 

+21® (C. tgoo, I. 
ii95). 

+36** 

+31® 

+36® 

+ 73® {B.27 454)- 


Many other higher members of this series are known. Of these, trimethyl- 
ethylene or ^-isoamylcne, pental, iwsscsses a significance, as it is used in the 
preparation of the so-called amylene hydrate or tertiary amyl alcohol. ) 9 -Iso- 
amylene constitutes the chief ingredient of the mixture of olefines resulting 
from the cfction of zinc chloride on the amyl alcohol of fermentation (A.. 
190 , 332 ; B. 36 , 2003). The formation of tetramethyl ethylene from pinacolyl 
alcohol or melhyl-tert.-butyl carbinol is of interest because it appears to» be 
a reversal of the formation of pinacolin from pinacone (q v) (B. 24 , 3251, 
f<¥jtuote). Both tri- and tetramethyl ethylene can be prepared from ^ylene 
hydtate and pinacolyl alcohol respectively, by heating them with anhydrous 
oxalic acid. 


^ . HYDROCARBONS, 

Two groups of hydrocarbons having this empirical formula exist: 
The acetylenes or alkines with triple linking, and 
The all^lenes with two double linkages. 

The allylenes are also called diolcfincs. The difference in structure 
is clearly shown in their different chemical bthaviour. The acetylenes 
(with group=CH) alone have the powei of entering into comtrinations 
in which the hydrogen of the group 3 CH«is replaced by metals. The 
names adopted for the acetylenes by the Geneva Congress are formed 
by substituting the ending ine " for the ending yl of alcohol radicals 
with like carbon content, h?nce the desigmtjon alkines. 


2. ACETYLENES OR ALKINES, C„Ha„_a 

The position of acetylene, the first member of this series, among 
the aliphatic hydrocarbons is very prominent, on account of its technical 
importance, and its direct formation from carbon and hy(ko|[en. 
Some acetylenes are distinguished by their power of polymerization, 
which result ^n the formation of smiplc aromatic^ hydrocarbons. 
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Acetylene \Eihine\ CH=CH was first observed by Edmund Davy, 
^^erthelot introduced the name acetylene and studied the hydrocarbon 
carefully. 

(1) Berthelot effected the synthesis of acetylene by passing the elec¬ 
tric spark between carbon points in an atmosphere of hydrogen (p. 64): 

2C+H,=CH^H. 

(2) It results in the decomposition of the carbides of the alkali 
earths by water (B. 25, R. 850 ; 27, R. 297): 



t 


The addition of formaldchycfc solution retards the evolution of acetylene from 
calcium carbide (C. 1900, II. 1150). The gas is always contaminated by phosphine, 
which can be removed by the action of bromine water, or better by means of a 
feebly acid solution of copper sulphate and of chromic acid in sulphuric acid 
(C. Z900. 1. 789 ; B. 82, 1879). On a large scale bleacliing powder or bleaching 
powder and lead chromate (to avoid the evolution of free chlorine) are recom¬ 
mended as purifiers (C. 1900, I. 236; 11. ^29). Metal gas holders for use with 
acetylene are best avoided (C. 1000, I. 954)* The gas is employed to an ever- 
increasing extent for illumination and for cutting and melting metals (by means 
of the oxygen-acetylene flame). 


(3) It may be prepared from methane by converting it into 
chloroform, from wliich chlorine is removed by means of red hot 
copper or heated metallic sodium {Fittig), Bromoform, CHBrs (B. 
25, R. 108), and iodoform, CHI3, are very readily changed by silver 
or zinc dust into acetylene : 


CH 

2CH4->-2CHa,- ^\\\ . 

CH 


{4) Formerly acetylene was always made from ethylene bromide 
by the action of alcoholic potassium hydroxide (A. 191. 268), At first 
the ethylene bromide loses a molecule of hydrogen bromide and 
becomes monobromethylene or vinyl bromide, which in turn loses a 
molecule of hydrogen brdnflde with the production of acetylene : 


CHjOH 

in. 


CH, 

■ -> 11 

CH, 




Br. CH,Br CHBr 

-> I -|-KOH=ll -|-KBr+H,0 

CIIjBr CH, 

CHBr CH ' 

II +KOH==(|| -fKBr+H,0. 

CH, CH 


As ethylene is invariJibly* obtained from ethyl alcohol and sul¬ 
phuric acid, this method allies acetylene genetically with ethyl 
ulochol. 

Acetylene is also fcrfiied when quaternary piperazonium salts 
[5.V.) are boiled with sodium hydroxide solution (B. 87, 3507). 

(5) Acetylene is also produced by the electrolysis of the alkali 
>alts of the two isomeric dicarboxylic acids—maleic and fumaric 
[KekuU, A. 181, 85) : 


CH:CO, 

11 ; 

CHjCO, 


K HOiH CH 

» 


-|-2C0,-|-2K0H-f 
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(6) Acetylene is given off when so^um hydroxide solution acts on propargyl. 
aldehyde: 

CH^ - CHO H-HONa «CH==CH+CHOONa. • 

(7) It is worthy of note that potassium acetylene-monocarboxylate and silver 
acetylene-dicarboxylate are readily converted, when warmed with water, into 
carbon dioxide and acetylene, and silver acetylidc respectively (A. 272 , X39). 
The stability of the dicarboxylic' acids is very much influenced by the nra nnef 
of union of the carbon atoms, to which the carboxyl groups are attached. 

AgO,C.C^.CO, Ag=AgCS:Ag H-aCO,. 


Acetylene is further formed when many carbon compounds, like 
alcohol, ether, methane, ethylene, etc., are exposed to intense heat 
(their vapours conducted through tub^ heated to redness). Hence* 
it is present in small amount in illuminating gas, to which it imparts 
a peculiar odour. * < 

Properties .—^Pure acetylene is a gas of ethereal, agreeable odour, 
and may be liquefied at +1® and under a pressure of 48 atmospheres. 
It solidifies when rapidly vaporized and then sublimes at —82* 
(B, 88, 638). It is a strongly endothermic compound, of which the 
heat of formation is —fir C^. It is Slightly soluble in water; more 
readily in alcohol and ether, and easily in methylal, acetal, ethyl 
acetate, and acetone (C. 1897, I. 800). It bums with a very smoky " 
flame, and with air (9 vols.), but especially with oxygen (2^ vols.), 
forms an exceedingly explosive mixture {Anschutz). Under certain 
conditions acetylene decomposes with generation of heat and sudden ■ 
increase in volume. When subjected to high pressure, and especially 
when liquefied this decomposition is extremely dangerous (C. 1897, 
n. 332; ^899, 1. 1018). 

Reactions .—Nascent hydrogen converts acetylene into CjH4 ana 
C2HQ. Ordinary hydrogen (2 vols.) and acetylene (i vol.), passed 
over platinum black, form CgHfl (B. 7 , 352). Finely divided Ni, Co, 
Fe, and Cif behave similarly (C. 1899, I. 1270; 1900, Ih 528), 
producing at the same time high molecular cork-like condensation 
products (B. 88, 2381). Acetylene c;pmbines with HCl and HI, 
forming CH3CHCI2 smd CH3CHI2. 


Acetylene reacts with chlorine gas in the sunlight with a alight explosion. It 
forms a crystalUne compound with SbCl^, which is changed by heat into dichlor- 
ethylene, CHCl aCHCl, and SbCU. With bromine it forms CaHiBr^ and C^gBrA 
(A. 221. 138 ). 

In contact with HgBrj and other mercury salts»acetylenc unites with water to 
yield aldehyde, which is also produced when acetylene alone is heated with water 
to 325®, or when it is passed into dilute sulphuric acid in presence of HgO (C. 1898, 
II. 1007). Fuming sulphuric acid absort)3 Jbetylene, forming acetaldehyde 
di-sulphonic acid and methionic acid (q.v.). With HCIO and HBrO acetylii &0 
forms dichlo^ and dibromacetaldehyde (C. 1900, 1I»29). Acetylene unites . 
an aqueous solution of mercuria nitrate to form | substance— 




NOgHg 
OHg, 








which can also be obtained from acetaldehyde; similarly, trichloromercuriacetalde- 
hyde (ClHg)gC.CHO is produced with mercuric chloride solution (B.' 87 . 445 . 7 )* 
larthe case of mercuric nitrite or chlorate, however, the similar compouiids woi^ 
4 re formed, are explosive (B. 88, 1999). In difiused daylight, contact with 
♦ I . ^ 
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potassium hydroxide solution and air, a&l.ylene changes into acetic acid. Oxyda- 
tipn with nitric acid leads to the formation of nitroform CH(NO^t, and other 
bodies (C. 1901, II. 177). Acetylene unites with diazomethane, producing 
pyrazole (see Vol. II.). ^ 

t* 

Acetylene polymerizes at a red heat, three molecules uniting to 
form one molecule of benzene, CgHg. This is one of the most striking 
transitions from the aliphatic to the aromatic series and, at the same 
time, constitutes a synthesis of thd^ parent hydrocarbon of aromatic 
substances {Beriheloi). 

This conversion will take plate at the ordinary temperature if acetylene be 
passed over pyrophoric iron, nickel, cobalt, or platinum sponge (B. 29 , R. 540; 
see also above). ' 

Metallic Derivatives of Acetylene, —The two hydrogen atoms of 
acetylene can be replaced ^ by metals. The alkali and alkali earth 
acetylides are stable even when heated, but are decomposed by water 
with the liberation of acetylene. Copper and silver acetylides when 
dry are exceedingly explosive, but are stable in the presence of water. 
Acids evolve pure acetylene from them. 

Sodium Acetylides, CHHCNa and CNa^I^CNa are produced when sodium is 
heated in acetylene gas (C. 1897, 1 . 966 ; 1899, 1 . 174 ; 1904, II. 1204). Calcium 
Acetyllde or Calcium Carbide, CjCa, is formed when calcium oxide is reduced by 
carbon at a red heat (Wohler, 1862), and when a mixture of calcium oxide and sugar 
carbon is heated in electric furnaces to 3500® (Moissan, B. 27 , R. 238; C. 1899, 
II. 1093). It is a homogeneous mass, colourless in its purest form but usually 
obtained of a grey tint, and shows a crystalline fracture. If fragments of 
calcium carbide are dropped into a tall glass cylinder tilled with saturated chlorine 
water, the liberated acetylene will combine with the chlorine with the production 
of flame. Gas-bubbles, giving out light, rise in the liquid and wheit they reach 
' the surface bum there with a smoky flame Lithium Carbide, C^Lis, is obtained 
fropi lithium carbonate and carbon (B. 29 , R. 210). Csesium Carbides, C,HCs 
and CaCsj, and Rubidium Carbides, CsHRb and CaRbs, are produced when 
acetylene is led into solutions of caesium-ammonium and rhubidipm-ammonium 
inamnuonia (C. 1903, II. 105). 

Sliver Acetylida, CjAgs, a white precipitate, and Copper Acetyllde, CaCug 
(B. 25, 1097 ; 26 , R. 608 ; 27 , R. 466), a red precipitate, are formed when acetylene 
is conducted into ammoniacal silver or cuprous chloride solutions. The dry salts 
explode violently when they are heated; the silver salt even doei this when gently 
rubbed with a glass rod. In a solution of silver nitrate acetylene precipitates the 
compound HC^CAg.AgNOg (B. 28 , 2108). Gold Acetyllde, CjAu,, a yellow pre- 
cipitote, is obtained from acetylene and a solution of ammoni^c^ gold-sodium 
thiosulphate (C. 1900, !• 755 )- Pure acetylene is set free by acids from these 
metallic compounds. The copper salt serves for the detection of acetylene in a 
mixture of gases. Mercury Acetyllde, CjHg, is thrown out as a white precipitate 
from alkaline solutions of mercuric oxide. It explodes violently when heated 
rapidly. 1- 

Acetylene Homologres.—The diolefines are isomeric with the 
homologues of acetylene, ^hey contain like number of carbon 
atoms, e.g. allene, CH2=C=CH2, is isomeric with methyl acetylene 
(aUylene) CHs-C^CH; divinyl, CH2: CH.CH : CH2, with dimethyl 
acetylene (crotonylene), CH3.C: C.CH3. 

The higher homologueS, just like acetylene, are mostly prepared from 
the mono-halogen and di-h^ogen substitution .products of the olefines, 
the olefine dibromides, by the action ot alcohoUc potassium hydroxide, 
e.g. from CHaCClssCHg: allylene; from CHg.CHBr.CHBr.CHg: 
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crotonylene, CH3CSC.CH3. In this manner a host of higher acetylene 
homologues have been prepared from the dibromides of the higher 
olefines (B. 3 J, 3586). Alkines |re also obtained by the action of 
alcoholic potassium hydroxide on aldehydic and ketonic chlorides, 
e,g. cenanthylidene chloride yields oenanthylidene CH3[CH2]4C=CH 
(C. 1900, II. 1231). 

When strongly heated with alQphol the acetylene formed frequently 
undergoes a transposition ; thus, ethyl acetylene, CjH|.C=CH, yields dimethyl 
acetylene, CUg.Ci^C.CHa, and propyl acetylene, C5H7.C^CH, furnishes ethyl 
methyl acetylene, CaHj.C-iC.CHj, etc. (B, 20 ,.R. 781). Symmetrically consti¬ 
tuted bodies may be formed from unsymmetrical compounds. ^ 

The reverse transposition sometimes occurs on heating with metallic sodium; 
ethyl methyl acetylene passes ihto propyl %cctylcne, and dimethyl allene, 
(CH3)aC=C=CHj, yields isopropyl acetylene, etc. (B. 21, R, 177). 

Acetylenes are also formed in the electrolysis of uKsaturated dibasic acids; 
thus, allylene is fbrmed in the electrolysis of the** alkali salts of mesaconic and 
citraconic acids. 

Acetylene and its homolo^es unite with hydrogen to form olefines, 
which in turn pass into paraffins. By the addition of halogen acids or 
the halogens mono- and di-haloid olefines are formed. The further 
addition of halogen acids and halogens to these yields di-, tri-, and 
tetra-halogen substitution products of the paraffins. 

Hypochlorous and hypobromous acids convert the alkines into dichloro- and 
dibromo-ketones, e.g, allylene CHj.C^'CH with HBrO yields asymmetric dibro- 
maceloiie (C. 1900, II. 29) ; also, methyl ethyl acetylene CjHgC^C.CHs with 
2HCIOgives a-dichloropropj^l methyl ketone CHgCHjCCli^.CO.CH* (B. 28 , R. 781). 
When healed with water to 325®, the alkyl acetylenes yield ketones (B, 27 , R. 750; 
28 , R. 173). 

A characteristic of all mono-alkyl acetylenes, as well as of acetylene 
itself, is their power to yield solid crystalline compounds by the action 
of ammoniacal solutions of silver and cuprous salts, from which thtiy 
can be regenerated by warm hydrochloric acid. This behaviour 
affords a very* convenient method for separating the acetylenes''from 
otheihgases, and obtaining them in a pure condition. 

The acetylenes are absorbed by concentrated sulphuric acid ; some 
even polyinerizevto aromatic derivatives. 

In the presence of HgBrg and other salts of mercury, the acetylenes unite 
with water; acetylene yields aldehyde, C2H4O ; allylene, CjHi, acetone, CjH,0 ; 
valerylene, CjHs, a ketone, CjHiqO (B. 14 , 1540, and 17 , 28). Very often 
moderately dilute* sulphuric acid will act in the same way ; methyl n-propyl 
acetylene gives two isomeric ketones when treated with approximately 8 per 
cent, sulphuric acid. 

The boiling points of some of the acetylenes are as follows:— 

^ •' B.P. 

Allylene, Methyl Acetylene [Propine] ....•) CH^C^CH Gas 

Crotonylene, Dimethyl Acetylene [2-Butine] • • • ,. CliaC=CCHj 27® 

Ethyl Acetylene [3-Butine].CaH,Ci—CH 18® 

Methyl Ethyl Acetylene [3-Pentilie] . . * • i CjH5C=iCCHi 55® 

n.-Propyl Acetylene [4-Pentine]. n-CjH^Cj^CH 48® 

Isopropyl Acetylene [3-Methyl-i-Butine] . • , (CHj)2CH.C=CH 28® 

Methyl n.-Propyl Acetylene [4-Hexine] .... n-CjH^C-^^C.CHj 84“ 

Alfyhne and crotonylene deserve consideration, lAl^cause, when brought into 
contact with concentrated sulphuric acid, they pass into symmetric trimethyh 
hemtne and hexametkyl-benzerK, 

3 CH,C^H -C,Hj[i,3,5](CH,),—Mesitylcne. 

SCHaC^CCHa- > 0 .( 0 ^,).—Hexametjiyl Beniena. 
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Interaction between sodium alkine^ and acid chlorides |>rodnc<^ the alkine 
|,*ketones; a.;, sodium csnanthylidene and acetyl chloride yield osnantbylidene 
methyl ketoneCH|[CH|]4C^C.CO.CH«. Sodiumalkines and trihydroxy methyl¬ 
ene give sodium sdcoholates RC—CC^I^OH. COt combines, with the sodium 
alJdnes forming acetylene carboxylic acids: sodium acetylene gives sodium 
propiolate CH^.COONa. 

On the higher alkyl acetylenes, see B. 25 , 2245; 88,3586. 

I 

3. DIOLEF^iNES, C„Ha„_2 

The diolefines are not capable of forming silver and copper com¬ 
pounds, but give precipitates with mercuric sulphate and cldoride in 
' aqueous solution (B. 21 , R. 185, 717 ; 24 ,1692). 

The “ Geneva names " for tlie diolefines are derived by inserting a 
“di,” for the numj^r of double linkages, before the ^al syllable 
“ ene "—e.g. [propadiene] for symmetric allylene. 

The diolefines are prepared by splitting off hydrobromic acid from 
the paraffin dibromides by means of alcoholic potassium hydroxide, 
pyridine or quinoline ; as well as by heating the diamine phosphates 
(B. 34,300). . 

Diolefines with a “conjugated double binding”—CH=CH.CH 
=CH—often add bromine or hydrogen in the 1,4 position; 
butadiene gives 1,4-dibromobutene BrCH2.CH=CH.CH2Br. 

Ozone unites with the diolcfines forming diozonides, of which the 
decomposition (p. 84, fib), caused by water, assists in the elucidation 
of its constitution. • Atmospheric oxygen is Slso absorbed with greater 
or less ease by diolefines. On polymerization, see B. 35 , 2130, etc. 

Of the numerous hydrocarbons of this class some are worthy of note because 
of their genetic relations. They are: , 

Allenc, sym. Allylene [Propadiene] . CH,s=C=CH8 Gas 

Oivinyl, Erythrene [i,3-Butadiene] . CHj=CH—CH=CH2 b.p, —5® 

Pyrrolylene 

Piperylene, a-Methyl Butadiene . . CHa=CH—CH—CH—,,42* 
Isoprene, j8-Methyl Butadiene . . . CH,=CH—C(CHj)=CH, ‘35® 

Di-isopropenyl, /Sy-Dimetbyl Buta¬ 
diene . . CHj^ClCH*)—C(CH,)-CH, 71® 

1,1,3-Trimethyl Butadiene .... (CHsl^C: CH.C^CHJ : CH^ . 93 ® 

Diallyl [1,5-Hexadiene] . . . . CH=CH,„ 59® 

2.5- Dimc£yI-i,5-Hexadiette . . . CH,==:C(CHJ.CH,.CH,. 

C(CHJ=CH, „ 137® 

1.1.5- Trimethyl-i,5-Hexadiene . . . (CH^lgC: 

C(CH,)-CH, .,141® 

Conylene [1,4-Octadicne] . CHg^CH—CHj—CH«5 

CH-CH,CHaCH, „ 126® 

AUsne is obtained by electrolysis of potassium itaconate (p. 515); also by 
heating bromomcthyl aciykc acid, and by dccomjx>sitioii of dibromopropylene 
CHgBr.CHBr: OH, by zyic dust. Contrary to allylene, it is not ab^rl^d by 
ammoniacal silver nitrate, but, like it, gives the same white mercury precipitate, 
which is decomposed by yielding aceton 5 '(A. 842 ,185), 

Dlvlnyl, Erythrena, or Pyrrolylene is found in compressed illuminating gas, 
and serves as the parent substance for the synthesis of erythritol, from which 
it results on boiling with formic acid. It is called pyrrolylene because it is formed 
in the breaking down of pyrrolidine or tetrahydropyrrole (Vol. II,) (B. 1 ft, 569; 

A, 808 , 333). 

Plperylene and Conylene are formed in the same manner from piperidinft 
(Vol. II.) and coniine (Vol. II.) (B. 14 , 665, 710; A. 819 , 226). Pipc^lene^ii 
‘ produced from 2,4-dibromopeatane by the abstraction of aHBr by qwinoEttft 
.(C. X901, U. 283). » k. 
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Iiopr6li0» a distillation product •£ caoutchouc, is closely related to the 
terpenes. It is called a hemiterpene, Lnd by spontaneous polymeriration payees 
into dipentene or cinene (Vol. II.), and then back into caoutchouc (B. R. 644). 

Thu' latter bhange can be accelersfted by the catalytic action of a number ol 
substances, notably metallic sodium. 

x,x,3'TrI]Uethyl*butadien6 is obtained from mesityl oxide by methyl magne* 
slum xomde, when water is split off from the olefine alcohol first produced (B. ST# 

3578)- 

x,i,5>Trlmetbyl*z,5‘hexsdiene is stmilarly produced from methyl heptenone. 
Its diozonide (p. 90) on decom^sition yields Isevulinic aldehyde (A. 343 , 363). 

2,5-Dlmetliyl'i,5’hexadiene is obtained, together with an isomeric hydro¬ 
carbon, from 2,5-ilLmethyl-2,5-dibromohexane< its diozonide yields formaldehyde 
and acetonylacetone (A. 348 , 365). 

Dltoopropenyl is obtained from tetrametbyl ethylene *'dichloride (from HC1« 
and pinakone) and alcoholic potassium hydro^^de (C. Z900, II. zo6i). 

Diatlyl results from the action of sodium on allyl iodide; its ozonide yields 
succinic aldehy(]e (A. 843 , 360). • 


4. OLEFINE ACETYLENES 

By this name are understood the hydrocarbons containing both doubly and 
trebly linked pairs of carbon atoms in their molecules. Many of them are known, 
but none^deserve special consideration. * 


5. DIACETYLENES, 

Dlaeetylene, HC ; C.C ; CH, is formed from diacetylene dicarboxylic acid. It is 
a gas that yields a yellow precipitate with an ammoniacal silver solution. The two 
hydrocarbons, diproparg^d and dimethyl di-acetylene, pre isomeric with benzene. 

Olpropargyl, CH • C.CHa.CHj.C • CH, b.p. 85®, is formed on warming solid 
crystalline diallyl tetrabromide, CaHioBr^, with aqueous potassium hydroxide. 
It is a very mobile liquid, of penetrating odour. It forms copper and silver 
derivative^ If dipropargyl be allowed to stand, it becomes resinous. ^ 

Dimethyl Dl-acetylene, CHj.C- 3 ^.C-^C,CHa, m.p. 64®; b.p. 130®. has been 
obtained from the copper derivative of allylene (B. 20 , R. 564). « 

• * 6. TRIOLEFINES, 

ipi .5.5 -Tetramethyl-4 - methene-1,4 - pentadiene, (CH,),C=CH.C(:CH,).CH : 
C(CH,),, 55 '~ 57 ^* prepared from phbrone and methyl magnesium 

iodide (B. 87 , 3378). 


II. HAIjOGEN DERIVATIVES OF THE HYDROCARBONS 

The halogen substitution products result from the replacement of 
hydrogen in the hydrocarbons by the halogens. The number N of 
substitution products in the normal saturated hydrocarbons, containing 
an even number of n carbon atoms, can boicalculated by the formula: 

•V=8X3“~’*+2xO”* 

and when n is odd: „ 

•N=8x3" + 2 x 3 ® . 

in which the unsubstituted hydrocarbon itself is counted. 

If n=»2, then N»io ; if »=3* then N=3o ; if « =4, then N=78; 
i »=5 N«234 fi=6 N=666 n=7 N=I 998 - 

* For these formulae, the author expresses his tlianks to Herr Geheimrara 
A. V. Batyetf of Munich. « 

B 
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s Thus 9 clilorine substitution products can be derived from ethane. 
^ In the discussion of the methoils of formation and the reactions 
of the saturated and unsaturated a^Uphatic hydrocarbons, their haloid 
derivatives were constantly encountered. We have also learned the 
methods of producing these alkylogens, proceeding from the hydro¬ 
carbons. They are: 

(i) Formation by the direct substi{i4tion of the saturated hydrocarbons. 
It was emphasized in the case of methane {p. 72) and ethane (p. 74) 
that these hydrocarbons, usually so very stable, were attacked by 
chlorine. A molecule of hydrogen chloride is produced for every 
‘hydrogen atom replaced by chlorine, until tlie entire hydrogen content 
is substituted. Methane, CH4, yields finally tetra- or perchloromethane, 
CCI4, whilst ethane gives hexa- or perchlorethane, C2Cl(j. 

The action of free chlorine on the paraffins is accelerated by sunlight, as is 
the case when it acts on free hydrogen (Inorg. Ch.)r; by the so-called chlorine 
carriers, such as iodine, which exerts its influence by the formation and decom¬ 
position of ICl, (Inorg. Ch.); by the similar behaviour of SbCl«which decomposes 
by heat into SbCl, and Cl|; and by AICI3 (C. 1900, II. 720), etc. In very 
energetic chlorination the carbon chain is ruptured (B. 8,1296 ; 10 , 801). 

The final products are CCl* and hexa- or perchlorobcnzene, CgClj, with per¬ 
chlorethane, C3CI3, and perchloromesole, C4CI1, as intermediate products (B. 24 , 
roll). 

The substituting action of bromine may be accelerated by heat, sunlight, or 
AlBr* (C. 1900, II. 720), 

Iron is an excellent carrier of chlorine, bromine, apd iodine. Its action seems 
to be due to the formation and decomposition of compounds with ferric halides 
(A. 226 , 196; 281 , 158). When it is used as a bromine carrier, every normal 
hydrocarbon passes into that bromide which contains just as many bromine 
atoms as it has carbon atoms (B. 26 , 243C); a bromine atom attaches itself to 
each carbon atom. 

Usually iodine docs not substitute weU, inasmuch as the final iodine products 
undergo reduction through the hydriodic acid formed simultaneously with them: 

, C,H,I+HI-C,Ha-fI,. ^ 

In the presence of substances capable of uniting or decomposing HJ (like 
HlOa and HgO), iodine frequently effects substitution: 

5C,H,+2l.+HIO,=5C,H,I+3H/) 

2C,H,+2l,+HgO=2C,H,I+H,0+Hg'i,. 

In direct substitution a mixture of mono- and poly-substitution products 
generally results, and these arc separated by fractional distillation or crystalliza¬ 
tion. The attack of chlorine on a long paraffin chain, e.g. n-lftxane, is directed 
against the CH, groups before the CH, (B. 39 , 2138). 

(2) Mono- and polychloroparaffins can be converted into mono- 

and polybromoparaffins by means of AlBrs (C. 1901,1. 878). Among 
the bromoparaffins the bromine can be replaced partially by fluorine 
by means of SbFs (C. 1-899, 281; 1901, II. 804). Boiling with an 

alcoholic solution of an raL^ali iodide cailSes a partial replacement of 
the halogens in the cliloro* or bromo-paraffins (B. 89, 1951). 

(3) The unsaturated aliphatic hydrocarbons, the olefines (p. 84), 
and acetylenes (p. 87),vunite with hydrochloric, hydrobromic, and, 
especially easily, liydriodic acid. The halogen acids can be used in 
a glacial acetic acid (B. 11,122x), or concentrated aqueous solution. 

(4) The free halogens are still more easily absorbed than their 

(p. 84 }. 
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Two further reactions, alreluy indicated above, bring about 
halogen substitution products f from aliphatic bodies containuig 
oxygen: , 1 

(5) Substitution of the hydroxyl group in alcohols by fluorine, 
chlorine, bromine, and iodine by means of their halogen acids, or 
their compounds with phosphorus (p. 132). 

(6) Action of phosphorus pentachlqride, phosphorus chloro- 
bromide, and phosphorus pentabromide, on aldehydes and ketones. 

These last methods of formation will be more thoroughly discussed 
under the individual groups of halogen substitution products. 

Beactions of the Halogen Derivatives.—^The^. reactions which 
take place among the halogen-parafiin cc^mpounds liave been referred * 
to under mode of formation (2) (above). Tlie iodine derivatives are 
the most unstable. In the light they rapidly*'acquire a red colour, 
with the separation of iodine. Tlie chlorides and bromides, rich in 
hydrogen, burn with a ’green-edged flame (p. 8). 

(1) Nascent hydrogen (zinc and hydrochloric acid or glacial acetic 
acid, sodium amalgam and water) can reconvert all the halogen deri¬ 
vatives, by successive removal of the^halogen atoms, into the corre¬ 
sponding hydrocarbons (p. 73): 

CHCla+3lI,=CH4+3HCl. 

This change is called a retrogressive substitution, 

(2) Alcoholic sodium and potassium hydroxides cause the separa¬ 
tion of halogen acid, and the production of unsaturated com¬ 
pounds (p. 81): 

^ CH,.CHa.CH,Br + KOH=CH3.CH:CHjH-KBr4-HA 

Propyl Bromide. Propylene. , 

In this reaction the halogen carries away with it the hydrogen of the least 
hydrogenized udjacent carbon atom (comp. p. ^^2). Such a decomiM»sition 
sometimes occurs on application of heat, and is favoured by the presence of 
anhydrous metallic chlorides (C. 1905, II. 750). 

• t 

Many other' reactions of the haloid compounds will be discussed 
later. 


A. HALOGEN PARAFFINS 

I. MONOHALOGEN PARAFFINS, ALKYL HALIDES 

CnH>in+lX * 

These are genetically connected by reactionc with the alcohols, which 
are almost always employeil in their preparation. On comparing the 
formulae of the alkylogens with those of tlie'halogen hydrides, 

HF HCl HBr HI 

C,H,F C,H.C 1 C,H.I 

it will be seen that they .can be regarded as haloid acids, in which the 
hydrogen atoms have been replaced by hydrocarbon residues. As the 
latter, together with the water residue, constitute the monohydric 
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(monacid) alcohols, they are called a^ohol radicals or alkyls; Acids, 
th^ hydrogen of which is replaceable ly metab, yield acid esters when 
alcohol radicals are substituted for tljit hydrogen. The {nonohalogen 
alkyls are therefore discussed as haloid esten, at the head of the acid 
esters of the monohydroxy-alcohob. 


2 . DIHALOGEN PARAFFINS, 


(a) Dihalogen paraffins, wl>ere two halogen atoms are attached to 
two different carbon atoms, may be viewed as the haloid esters of 
'’dihydroxy-paraffin alcohols qr glycols. They can be derived from 
these and will be considered together with them : 


CH,C 1 

CHsCl 

Ethylene Chloride. 


CHa.OH 

CHj.OH 

Ethylene Glycol. 


XHjBr 

CH,/ 

Trimetbylene 

Bromide. 


:h,.oh 

CH,< 

:h,.oh 

Trimetbylene 
Glycol. 



(6) Dihalogen paraffins, th# two halogen atoms of which are 
attached to the same carbon atom, may be termed aldehyde halides, 
if the carbon atom is terminal, and ketone halides, when the carbon 
atom occupies an intermediate position. Indeed, these compounds 
can be obtained from the aldehydes and ketones by means of phos¬ 
phorus halides. Theyjwill, therefore, be discussed after the aldehydes 
and the ketones: 


CHCl, CHO 

I I 

CH, CH3 

Ethylidene Chloride Acetaldehyde. 
Aldehyde Chloride. 


/CH, 

CC 1 ,< 

■CH, 

Acetone Chloride 
0 'Dichloropropane. 



Acetone. 


It jhould be remarked here that the unsymmetric ethane dihalide^ 
— e.g. CH3.CHCI2, ethylidene chloride—have lower boiling points and 
lower specific gravities than the corresponding symmetric isomers 
— e,g, ethylene chloride, Cft2^1-CH2C1. • , 


3. PARAFFIN POLYHALIDES ^ 

The paraffin polyhalidt-s, containing but one halogen atom to each 
carbon atom, will be discussed after the corresponding polyhydric 
paraffin alcohols. • , 

' The simplest and mosi? important representatives of the paraffin 
trihalides, in which thr^ halogen atoms are attached to the same 
carbon atom, arc the meihafe trihalides: ^ 

CHF, CHCl, CHBr; CHI, 

Flttoroiorm. Chlorofonn. BrcMnoforin. Iodoform. 

They are so intimately related to formic acid and its derivatives 
, j^t_they will be considered after this acid. . 

P i most important paraffin ietrahalides are the methane tetra- 
. They bear the same relation to carbonic acid that the methane 

"Ok 



PARAFFIN POLYHALIDES 95 

trihalides do to formic acid. Thej^ will, therefore, be treated after 
carbonic acid: 

CF4 * CCI4 CBr* CI4 

Methane Methane Methane Methane 

Tetrafluoride. Tetrachloride. Tetrabromide. Tetraiodide 

These compounds are also called methane perhalides, to indicate 
that the hydrogen in them is completely replaced by halogens. 

Polyhalide Ethanes .—^The following table contains the boiling 
points of the known polychlor- and polybrom-ethancs; 


Name. 

Formula. 

M.P. 

a 

B.P. 

U 

Formica. 

I1I.P. 

B.P. 

Vinyl Trichloride . ^ - 
j 9 -Trichlorethane . 
Ethenyl Trichloride . 
a-Trichlorrthane . 
Methyl Chloroform 

CH^Cl 

CHCl, 

CCl, 

CHj 

— 

II4- 

74 ‘ 5 '' 

CHBr, 

■ CHjBr 


187-188® 

sym.-Acetylene Tetrachlo¬ 
ride . 

CHCla 

CHClj 


1 

147“ 

( illirj 
rilBra 


102® 

(12 mm.) 

unsym.-AcetylidencTetra- 
chluride. 

CCI5 

CHaCl 

•* 

— 

129® 

CBr, 

CIKBr 

• 

M 

— 

105® 

(13*5 mm.) 

Pentachlorethane 

ecu 

CHCla 


159® 

CBr, 

CHBr, 

54 *“ 

decomposes 

Perchlorethane. J . 

• ♦ 

CCI3 

CCI3 

187° 

sublimes 

CBr, 

•CBrs 

—— 

decomposes 
at 200-210® 
without 
melting. 


For the relations existing between the boiling p«)ii|ts and specific volumes of 
the halogen substitution pifoducts of the cthhnes, see B. 16 , 2559. As to the 
refractive power of the brominated ethanes, see Z.- phys. Ch. 2 , 236. 

The polychlor- and polybrom-ethanes have few genetic relation¬ 
ships with the oxygen compounds corresponding with them. The 
methods of formation and the reactions of the pblysubstituted ethanes 
are most intimately related to the methods of formation and the 
reactions of the halogen substitution prcducJts of the ethylenes and 
acetylenes, a tabular view of which will be given in the following 
section. They will, therefore, precede the discussfon of the latter. 

• ^ 

It may be merely mentioned here that by the action of chlorine on ethyl 
chloride and ethylidene chloride in sunlight methyl chloroform or a-trichlorethane, 
CH|CCla, is produced, together with vinyl trichloride, CHjCl.CHClj. The 
fur&er action of chlorine on the trichlorethanes^ produces CHaCl.CCl^ 
CHCl.-CCl,, and perchlorethane, CClj.CCla. CHC1,.CHC1, is formed from 
acetylene dichloride and chloriqe, as well as from dichloraldehyde by means of 
phosphorus pentachloride (B. 16 , 2563). Qnly methyl chloroform, CH^.CClg, 
related to acetic acid in the same way as chloroform is to formic acid, i^ll be 
> further de9Cribed, together with the chloj^des of the fatty acids. Ac^lene , 
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ieirachloHde, syra.^Tetyachlofethane, is prepared by the direct union 

( of acetylene and chlorine (p. 87), Trie gases combine quietly when they are 
led separately into boiling water, or wha^ sulphur chloride is alternately saturated 
with chlorine and acetylene in prcst^ce of iron powder (p. 1905, I. 1585; 
1096. 11. 746). 

Perehlorethane* CjCI,. m.p. 187®; b.p. 185*5®. D=2 oi. results, together 
with perchlorobenzenc (Z. Elcctroch. 8,165), from the direct union of carbon and 
chlorine when an electric arc is struck in an atmosphere of chlorine. A good 
yield is obtained when carbon tetrachloride is warmed with amalgamated alu¬ 
minium (B. 38 » 3058). It forms a crystalline mass, with a camphor-like odour. 
It sublimes at the ordinary pressure, as its critical pressure lies below 760 mm. 
When its vapours are conducted through a tube heated io redness it breaks 
down into Clg and percHlorethylenc. It yields the latter compound when it is 
' treated with potassium sulphide. 

a-Tribromethane, CHg.CBra^has not yet been prepared. 

Acetylene Tetrabromide, CHBra-CHBrg, is obtained from acetylene and bromine. 
Zinc dust and alcohol ponvert it into acetylene dibromide (A. 221 , 141), whilst 
benzene and AlClj change it^into anthracene {q.v. Vol. II.). • 

Perbromethane, CjBrg, is obtained by the addition of bromine to acetylene 
tetrabromidc in the presence of aluminium bromide (C. 1898, I. 882). It is a 
colourless, crystalline compound. dis.solving with difficulty in ^cohol and ether. 
It breaks down at 200® into bromine and perbromethylene, CrBr4. 

Five structural cases are possible fortrisubstitutedpropanc. Themost 
important of these derivatives have the structure CH2X.CHX.CHX2, 
corresponding with glycerol, CH2(OH).Cn(OH).CH2(OH). They will 
be discussed after the latter. 

Mixed Halogen SuhstiiuHon Products of the Pey'affins. —There are numerous 
paraffins containing different halogens side by side in the same molecule. 


B. HALOGEN DERIVATIVES OF THE OLEFINES 

I 

As a general rule, the halogen substitution products of the un- 
satjirated hydrocarbons cannot be prepared by dire<;>t action o{ the 
halogens, since addition products are apt to result (p. 82). They are 
produced, however, by the moderated action of alcoholic potassium 
hydroxide (C. 1901, I.'8f6; IL 804), or Ag20, on^the disubstituted 
hydrocarbons CnH2nX2. This reaction occurs very readily if the 
addition products of the olefines are employed : 

CaH4Cl2 + K 0 H-CsHaCH-KCH-H 30 .. 

Ethylene Monochlor* 

Chloride. etbyleae. 

V^en the alcoholic potassium hydroxide acts very energetically, 
the hydrocarbons of the^ acotylene series are formed (p. 86). Being 
unsaturated compounds? they unite directly with the halogens, and also 
with the halogen acids : 

• * 

‘ • CH* CHjBr 

II I 

CHBr CHBr* 

These reactions indicate that ethylene is the parent substance for the pre¬ 
paration of nearly all the halogen-substituted ethanes and cthylencs. as well as 
for the preparation of acetylene. 

The following diagram represents how, by the addition of bromine and the 
lose of hydrogen bromide, the bromine substitution derivatives of the ethanes 
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the £lhyle 

t 


are connected with ethylene, with the j^lhylene bromine derivatives, and with 
acetylene (A. 221 , 15^) • 

-^55-^ CH,.CH,Br 


>-HBr 






CHBr«CHBr—1 

«. fa" 

CHBrj.CHBfa 


-CH,=CHBr 


CHs»CBrj <- 


-HBr 




>HBr 


. CH,Br,CH,Br 


CH.Br.CHBr, 


-HBf 


-3>CHBr.-=CBr,< 




% -HDr 


ClijBr.CBr* 




(?)CHE=CBr«*— 


CBr,«CBrB , 


-HBr 


. CHBr,.CBr, 


CBr^^CBr(?) 


Vinyl Chloride, CHa=CHCl, and VIny! Bromide, CHsr^rCHBr, arc obtained 
from ethylene chloride and ethylene bromide by the action of alcoholic potassium 
hydroxide, which, by continued action on them, produces acetylene. The group 
CHj=CH— is called vinyl. Vinyl chloride can also be obtained by heating ethy¬ 
lene dichloride or ethylidenc^dichloride (B. 35 , 352.^). 

The boiling points of the chlonnated and brominated elHylenes are given in the 
following table: 



j Formula. 

li P. 

\ Formula. 

B.P. 

Vinyl ChIori 3 e, Monochlor- 





ethylene. 

CHj^CHCl 1 

—iS* 

CH*=CHBr 

+ X6“- 

Acetylene Dichloride, sym.- 



Dichlorcthylene .... 
Acetyiidene Dicnloride, un- 

CHC 1 =CHC 1 

+ 55° 

; CHBr-CHBr 

*10* 



sym.-TDichlorethylene . 

CHj^CCU 

+ 37° ' 

1 CHa=CBr)| 

91° 

Trichlorethylene .... 

CHa-:CCla 


1 CHBr=-CBr, 

164* 

Tetrachlorethylene,^ Perchlor- 

• W 

1 CBr|=CBrj 

M.P. 

ethylene. 

CC 1 ,=CC 1 , 

I 2 I* , 

53 ° 

Tetra-iodoethylene 



CI,=CI, 

{B. 26 , R. 289 ; 30 , 1200) . 


• • • 

187* 


Consult A. 221 ,156, for the relations between the boiling points of the bromcthancs 
and bromethylenes. The unsymmetrical compounds,* CHjsssCHCl, CH,=CHBr, 
CHanCClg and CHt=sCBr|, polymerize quite easily (B 12 , 2076). CH|=CBr, 
and CHBr == CBr, yield CHaBr.COBr, bromace^l bromide, and CHBr,.COBr, 
dibromacetyl bromide (B. 16 , 2918; 21 , 3356) with^xygen. Ozonized air con¬ 
verts perchlorethylene into phosgene, COClg. and trichloracetyl chloride (B. 27 , 
R* 509 » C. 1899, 1 * 58^)* Consult A. 2 S 5 , 150, 299, ft>r the action of AlClg on 
polybromethanes and ethylenes, iVL the presence o^benzene. 

Tetra-lodoethylens CI^: Cl, and Di-iodoethylene dtif: CHI, m.p. 73*. are formed 
by the action of iodine and water on calcium carbide (B. 88, 237). Fluorethylene 
(C. X90X, II. 804). 

Three different mono-halogen products are derived^om Propylene, CH«—CH 

CH,: 

(I) CH,—CH«CHX <2) CH|—CX=CH, (3) CH,X—CH«CH,. 

«*Duivativea. * S-l^rivativ^s. ■y-Derivatives. 

(x) The tuderivatives are obtained from the propylidene compounds, 
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CHj.CHj.CHX, (from propyl aldehyd^/when the latter are heated with alco¬ 
holic potassium hydroxide, ' r 

(2) The j8-derivatives, CH,.CX:CH„ rire prepared in pure condition from 
the halogen compounds. CHa.CX,.CHj p. 93 )» derived from acetone. 

(3) The y-derivatives of propylene, CH2X—CH—CH2, are de¬ 
signated Allyl halides, because they correspond with allyl alcohol, 
CH2 : CH.CH2OH. They will be described after the alkylogens. 

ft 

C. HALOGEN ACETYLENES 

Acetylene Monochloride, CaHCl, has been obtained from dichloracrylic acid, 
CCla^CH.COjH, bythe action of aqueous barium hydroxide. It is an explo¬ 
sive gas (A. 203 , 88 ; B.' 23 , 37 ^^ 3 )- 

Acetylene Bromide, CgHBr, obtained from the dibromide by means ol alcoholic 
potassium hydroxide, is a gas. inflaming when in contact with the air. 

Dlbromacetylene, CjHrg. b.g. 77®, D—2*0, can be prepared frorntribromethylene 
by means of alcoholic potassium hydroxide. It is spontaneously inflammable 
(C. 1903, 11 . 531 : 1901, I. 231). 

Acetylene Di-iodide, Cgl,. is produced when iodine acts on silver acetylide 
or calcium carbide, or when iodine and hypochlorites of the alkali metals act on 
acetylene (B. 37 , 4415) ; also by boiling barium iodopropiolatc with water 
(A. 308 , 326 : B. 34 , 2718). It possesses an odour like phcnylisocyanide. It 
decomposes to a considerable extent into tetra-iodoethylene and carbon in the 
light or when heated (B. 37 , 3453). 

The halogen acetylene derivatives polymerize more easily than acetylene 
itself. The products are in part benzene derivatives: monobromacetylene 
yields tribromobenzene. 

3CH5^CBr=CeHsBr,; sCH^CLjbC.H.I,. 

Tribromobenzeue. Tri-iodobenzene. 

H 

Allylene Iodide, CHg • Cl, b.p. 110^, is formed from silver allylenc and iodine 
solution (A. 308 , 309). 

Perchloromesolo, C4CL=CCla.C^C.CCla (.^) or CClj=CCl—CCl==£Clj (?), m.p. 
39®. b.p. 284®, may be mentioned here. It frequently appears in exhaustive 
chlorinatioDs (B. 10 , 804; comp. B. 22 ,1269) 


OXYGEN DEBIVATIVES OE THE IHETHANE HYDEOCAILBONS 

Acquaintance was matie with the simplest l^kin^ of the carbon 
atoms when studying the aliphatic hydrocarbons and their halogen 
substitution products. The derivatives next in order are the oxygen 
compounds, which furnish further basis for the classification of the 
carbon compounds. They may be considered as being derived from 
the aliphatic hydrocarbons by the substitution of the univalent water 
residue—the hydroxyl group—OH, for hydrogen. 

But one of the several hydroxyl groups may become attached 
to each carbon atom. In the first instance alcohols result, which are 
neutral compounds,closely related in many respects to water. Alcohols, 
according to the number of hydroxyl groups present in them, are 
classified as mono-, di-, tri-, and poly-hydric, because in the alcohols 
with one hydroxyl a univalent radical, and in those with two hydroxyls 
a divalent radical, etc., is in union with the water residues. There¬ 
fore the simplest monohydric alcohol contains one carbon atom, the 
simplest dihydric alcohol two carbon atoms, etc., as indicated in the 
following arrangement: 
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CH4 CH,.OH Methyl Alcoi^, the simplest monohydric alcohol. 

Ethylene the simplest dihydric alcohol. 

CH,.OH 

CH.OH Glycerol, thc^implest trihydric alcohol. 
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CH, 

CH, 


CH| 

I 

CH, 

I 

CH, 

CH, 

CH, 

I 

CH, 

^H, 

CH, 

I 

CH, 

I 

CH, 

I 

CH, 

CH, 

CH, 


CH, 

CH, 

CH, 


CH, 

• CH, 


CH,.OH 

CHj.OH 


ErythriCol, the simplest tetrahydric alcohol. 


•< 


CHj.OH 
CH,.OH 

CH.OII 

CH.OH 

(^Hj.OH 

CHj.OH 

i 

CH.OH 

CH.OH Arabitol, the simplest pentahydric alcohol, 

CH.OH 

I 

CH,.OH 

CHj.OH 

I 

CH.OH 

I 

CH.OH 

CH.OH 

I 

CH.OH 
CH,.OH 


Mannitol, the simplest hexahydric alcohol. 


Or, hydrogen atoms attached to ^h^ same carbon atom of 
hydrocarbons ^re replaced by —OH groups. In such cases, with 
few exceptions, water splits off, and oxygen unites with its full 
valence to carbon. The following possibilities then arise: two 
hydroxyl groups replace two hydrogen atoms of a terminal CHs-group, 
or of an intermediate CH2-group; three hydroxyl groups replace 
three hydrogen atoms of a terminal CHs* group; in either case, 
water always separates, e.g,: 


(I) 

CH, 

I 

(?€“) : 

-H2O 
—^ 

C<H 

CH, 

1 

V /OH. 
(^") 

-H ,0 
-^ 

^<H 


H 

H 


H 

CH, 

CH. 


CH, 






CH, 

CH, 


CH, 

w 





1 

CH, 


-H,o 

1 

c=o 



(?<8i) : 



CH, 



CH, 

( 3 ) 

CH, 

1 

-H,0 

c<£:0« 

CH, 


-11,0 
- ^ 



H 

H 

• . • 



CH, 

A 

CH, 


CH, 



zoo 
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Thus, three new classes of oxy^A derivatives are formed: '* 

■* '* (i) Compounds containing the ^up —are known as AMc- 
kydes, where the group —C<h is ca^bd the aldehyde group. 


(2) Compounck containing the group =C=0 in union with two 
carbon atoms are called Ketones. The group =CO is known as the 
keto- or ketone group. 

(3) Compounds containing the group —are named Car¬ 
boxylic acids, in which the group —is called carboxyl. The 

alcohols, aldehydes, and ketones are neutral substances. The car- 
' boxylic acids are proneunced .acids, and form salts in the samp mannpr 
as the mineral acids. 

Aldehydes, ketones, and carboxylic acids are most intimately 
related to the monohydric alcohols. They are the oxidation products 
of alcohols, and will be discussed after them. Unsaturated hydro¬ 
carbons (olefines and acetylenes), in like manner, yield unsaturated 
alcohols, aldehydes, ketones, and carboxylic acids. In the following 
sections the unsatur'ated derivatives will receive attention after the 
saturated compounds corresponding with them ; i.e. the unsaturated 
alcohols will follow the saturated alcohols. 

Similarly, an almost endless series of oxidation products are con¬ 
nected with the di-, tri-, and poly-hydric alcohols. These con tain 
the same oxygen-contmning atomic groups, as the monohydric alcohols 
and their oxidation products, but possess several of them in the sa me 
molecule. The multiplicity grows rapidly ; as will be seen later, nino 
classes of oxidation products may be derived from the dihydric alcohols 
or glycols alone. ^ 


Finally, when in methane, the four hydrogen atoms are replaced by hydroxyl 
groups, the loss of two molecules of water would be possible, and carbon dioxide, 
the anhydride of two acids incapable of free existence (orthocarhonic acid and 
ordinary metacarbonic acid) would be obtained. The carbonates are derivedJrom 
the meta-acid. 

' it 



/oS 

C<OH 

\OH 


/OH 

C^H 




Methane. 


Orthocar})onic Acid. Metacarbonic Add. 


C.^rboD Dioxide. 


The carbonates are salts of a dibasic acid. Therefore, carbonic 
acid, with its numerous derivatives, will be discussed before the di- 
carboxylic acids, the final Orxidation products of the dihydric alcohols- 
or glycols, whose simplesb'representative is oxalic acid. 




in. THE MONOHYDRIC ALCOHOLS ASH THEIR OXIDATION 

PRODUCTS 


I. MONOHYDRIC ALCOHOLS 

The monohydric alcohols can be looke(l upon as consisting of 
water in which one hydrogen atom has been replaced by a monoi^ent 
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' h]rdrocarbon residue. If both hVflrogen atoms in water are so sub¬ 
stituted, there result the ethers, vnch are at the same time alkyl oxidiss 
or alcoholic anhydrides. (f 


H\ C,H, u 

h|o ‘ njo 

Ethyl Alcohol. 


C,H,| 

e&L. 


The monohydric alcohols contain one *hydroxyl group, OH; bi- 
>^alent oxygen links the univalent alcohol radical to hydrogen, as in 
CHs-O.H, methyl alcohol. This hydrogen atom is characterized by 
its ability, in the action of acids on alcohol, to^be exchanged f<jr 
acid residues, forming compound ether^ or esiers, corresponding with 
the salts of mineral acids: 


• C,H..OH+NO|.OH=C,H,.0.NOjVh,O 

Ethyl Alcohol. Ethyl Nitrate or 

• Nitric Ethyl Ester. 


Alkyls and metals can also replace the hydrogen in alcohol: 

C,H,.O.CH, • CjUj.ONa 

Ethyl Methyl Ether. Sodium Ethoxide. 


Struotore of the Monohydric Alcohols.—^Thc possible isomeric 
alcohols may be readily derived from the hydiocarbons. There is one 
possible structure for the first two members of the normal alcohols: 

CH,.OH Cjn^roH 

Ifethyl Alcohol. Ethyl Alcohol. 


Two isomers can be obtained from propane, C3H8=CH3.CH2.CH3: 

CHj.CHi.CIIj.OH and CHs.CH{OH).CH, 

Propyl Alcohol. Isopropyl Alcohol. 

Two isomersecorrespond with the formula C 4 frio (P- 27): » 

• CHj.CHj.CHj.CHj and CH(CH,), 

Normal Butane. ^ ^sobutaue. 

Two isomeric atcohols may be obtained from each of these: 


CH, 

CH 

and I /CH, /CH, 

CH.OH CHC-CH,. 0 H and C(OH);CH, 

\CH, ^CH. 

CH, 

Primary Butyl Secondary Butyl Prim. Isobutyl^ Tert. Isobutyl 

Alcohol. Alcohol. Alcohol. Alcohol. 

An excellent method of<ormulating the alcohols was introduced by 
Kolbe in i860 (A. 118 , 3^7; 182 , 102). He regarded all alcohols as 
derivatives of methyl sJcohol, for which he proposed the name carbinol, 
and compared the alcohols, formed by the Replacement of hydrogen 
not in union with oxygen by alcohol radicals, with the primary, second¬ 
ary, and tertiary amines, resulting from the replacement of the 
hydrogen in ammonia by alcohol radicals. With tlus view as a basis,- 
Kolbe predicted the existence 0^ secondary and tertiary alcohols. 


CH, 

CH, 

in, 

CH,.OH 
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Their first representative was discoMred shortly afterwards. By the 
replacement of one hydrogen atom! h carbinol by alkyls (p, 43) the 
primary alcohols result: V < 6 


CH, 

CH..OH 


)H 
lOH 

Methyl CaTbiuol, or 
Ethyl Alcohol, 


C.H. 

loH CH..OH 

Ethyl Carbinol or 
Propyl Alcohol. 


If the replacing group posscGses normal structure (p. 27), the primary. 
alcohols are said to be normal. In alcohols of this class the carbon 
atom carrpng the hydtoxyl group has two additional hydrogen atoms 
(they contain the group —CH2.OH). Hence compounds of this variety 
may very easily pass into aldehydes (containing the CHO group) and 
acids (with COOH group) on oxidation (see p. 100): 


CH, 


CHg.OH 

Primary Alcohol. 


yields 


CH, 

COH 

I'lklehyde. 


and 


CH, 


COOH 

Acid. 


The secondary alcohols result ^vllcn two hydrogen atoms in carbinol, 
CHj.OH, are replaced by alkyls : 


CH, 

CH, 

C,H, 


CH, 

H 

^:h.oh 

CH, 

H 

= CH.OH 

OH 

CH, 

OH 

CH, 


Dimethyl Carbinol, or 
Isopropyl Alcohol. 


Ethyl M<^thyl Caibinol, or 
Isobutyl Alcohol. 


In alcohols of this class the carbon atom carrying the OH group 
has but one additional hydrogen atom; they contain the group 
>CHOH. They do not furnish corresponding aldehydes* and aci^, 
but when oxidized, they pass into ketones (p. 100): 


CH, 

CH, 

H 
OH 

Dimethyl Carbinol. 


CH, CH, 

yields C CH, = >CO 
O CH, 

Acetone. 


When, finally, all three hydrogen atoms in carbinol are replaced by 
alkyls, there result the tertiary alcohols, containing the group /C.OH. 

CH, ^-*<1 

= eH,-^.OH Trimcthyl Carbinol. 

CH / 

OH 

The tertiary alcohols decompose when oxidized. 

> 

The Geneva names ** lor the alcohols are derived from the names of the corre¬ 
sponding hydrocarbons, witlj- the addition of the final syllable “ ol **: 

CH,.OH = [Methanol] ; CH,.CH,.OH = [Ethanol] : 

CH,.CH,.CH,.OH«[i-Propanol]: CH,.CHOH.CH,==t2-Propanol]. 

The parallelism between the formulae of the three classes of alcohols 
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and the three classes of amines (j m), is very evident upon studying 
the following general formulae:— I* * 


R.CH,.OH 

Primary Alcohols. 
R.NH, 

Primary Amine. 


I 


^>C 11 . 0 H 

Secondary Alcohols. 

r>nh 

Secondary Amine. 


R/ 

Tertiary Alcohols. 

R-^N 

R/ 

Tertiary Amine. 


The behaviour of alcohols on oxidation is of great importance in 
ascertaining whether a certain alcohol is primary, secondary, or 
tertiary in character. What has already been state'd may be sum-* 
marized thus: 

A primary alcohol on oxidation yields an aldehyde, which passes 
into a carboxylic acid if the action be continued. This acid contains 
as many carbon atoms in its molecule as the parent alcohol. Oxidation 
changes a secondary alcohol into a ketone, having an equal number of 
carbon atoms in its molecule. A tertiary alcohol breaks down on 
oxidation into compounds having a lowor carbon content. 

The basis of the classification of the next section is : 

The tnonohydfic alcohols and their oxidation products : 


m Sor}(=CH.OH) (I.) 


(2) Aldehydes (3) Ketones (= CO). 

(4) Carboxylic Acids (—G<fQ_ 

JFouv classes of ox3^gcn derivatives must, therefore, be distinguished, 
each containing saturated and unsaturated compounds. 

Formation of Alcohols.— Summary of Reactions, —They are obtained 
from bodies containing a like number of catbon atoms : 

(1) By the saponification of acid esters. 

(2) By the reduction of polyhydric alcohols. 

(3) By the action of nitrous acid on amines. 

(4) By the reduction of their oxidation products. 

From nucleus-syntheses (p. 75): 

(5) By the action of magnesium alkyl halide or zinc alkyls, or 
zinc and alkyl iodides, on aldehj^des, acid* chlorides, ketones, formic 
esters, acetic esters, chlorinated ethers and •thylene oxide. 

(la) From Haloid Esters or Alkylogens.—It was mentioned, in 
describing the reactions of* the alkylogeys, that the latter afford 
a means of passing from the paraffins and*olefines to the alcohols 
(p. 93). As alkali hydroxide causes the separation of a halogen 
acid from the alkylogens, it is possible to exchange hydroxyl for 
the halogen, especially if this be iodine. This is most easily accom¬ 
plished by the action of freshly precipitated, moist silver oxide, or by 
heating with lead oxide and water : 

C|H,I -h AgOH-^,H..OH+Agl. 
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Thus, moist silver oxide behaves as a metallic hydroxide. ^ , 

^ Even water alone causes a partial ttlnsposition of the more reactive tertiary . 
alkyl iodides; the other alkylogcns f^il general when heated for some time . 
with 10-15 volumes of water to loo^kre completely conveoted into alcohols 
(A. 186 , 390). ' 

Tertiary alkyl iodides heated to 100^ with methyl alcohol pass into alcohols 
and methyl iodide (A. 220 , 158). 

(ifi) By the Saponification of the^ Esters. —It is often more practical 
first to convert the halogen derivatives into acetic acid esters, by heating 
with silver or potassium acetate : 

C,H,Br+CjHa0.0K=C,H5.0.CaH,0+KBr 
' N Potassium Acetate. Ethyl Acetic Ester. 

and then to boil these with t)Otassium or sodium hydroxide, to obtain 
the alcohols: , 

C»H5.0.C,H80+K0H=C.HB.0H+C.H,0.0k. 

The second reaction is called saponificationt because by means of it the soaps, 
i,e, the alkali salts of the fatty acids and glycerol are obtained from the 

glycerol esters of the fatty acids—the fats. More generally, this reaction is 
known as hydrolysis: both tez^s are, unfortunately, employed somewhat 
loosely (Tr.). 

(ic) From Ethyl Sulphuric Acid by boiling water. 


SO,<^y +H,0 =C,H,.OH+H,S04. 

Ethyl Sulphuric Add. 

This reaction constitutes the transition from the olefines to the 
alcohols, as these esters may be easily obtained by directly combining 
the unsaturated hydrocarbons with sulphuric acid. 


Many alkylenes (like iso- and pseudo-butylene) dissolvent once in dilute nitric 
acid, absorb water, and yield alcohols (A. 180 , 245). 

(2) The redaction of polyhydric alcohols by hydriodic acid yields the iodides of 
secondary alcohols, which arc converted by methods la and ib into the alcohols 
themselves, e.g.: 

CH.OH CHj CHa 

CHOH * , 

CHjOH CH, CHa 

Glycerol. Isopropyl Isopropyl Alcohol. 

lomde. 


Or, the chlorhydrins of the polyhydric alcohols may be reduced, | 

r.w.nw CHaOH 

- >\ 


CHa 

Etbyleoe. < 


HCIO CHaOH 

>1 


CHa 


CHaQ 
Ethylene 
f Chlorhydito. 

(3) AcHon of nitrous acid on the primary amines : 

C,H,l?H,+NO.OH -CiH^.OH +N,+H,0. 


In the case of the higher alkylamincs transpositions often occur, and instead 
of the primary alcohols, th^rc result secondary alcohols (B. 16 , 744). 

(4a) Primary alcohols result from the reduction of aldehydes, acid 
chlorides, and acid anhydrides; also, by reduction of acid esi^s by 
means of sodium and alcohol; acid amides yfielA’onm^vy amines as 
‘ well as primary alcohols by this inaction (C. 1^04,1. 5^7: IE 1697). 
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' C,i4,.HCO+2H=CH,.CH,.CH,.OH A. 123 .140); 

Fropyl Aldehyde. | . 

, 'CH,.COa+4H-=CH,.CH,.OH+Ha.f * 

Ag^yl Chloride. ^ m 

CH (Ltnntfma«n. A. 148 , 249). 

Acetic Anhydride. 

CI^CO>04.4Na+2C5H,iOH«CH5.CHa.ONa+3CgH„ONa* {Bouveauli and 

Amyl^Xcetlc Ester. f • 

Blanc, C. 1904, II. 184 ; 1905, II. 1700). 

Aldehydes are first formed in the reduction of acid chlorides and anhydndes ; 
they in turn are reduced to alcohols. As reduoing agents, dilute sulphuric acid 
or acetic acid, together with sodium amalgam, sodium, iron filings, and zinc 
dustmay be employed (B. 9 ,1312 : 16 ,1715). . ' 

The last of these reactions is that by which an alcohol can be converted into 
' another containing an atom more of carbon. The alcohol is changed through 
^ the iodide to the cyanide, and the latter to the acid, which, by reduction of itj 
chloride or its aldehyde, yields the new alcohol: « 


CHaOH-X:H*I- h CH.CN- > CH.COOH-CH.COa 

s 


CHaCH^OH -4- 



(4&) The reduction of ketones yields secondary alcohols {Friedel, A 
124, 324), together with pinacones {q>v.), the di-tertiary dihydrii 
alcohols or glycols: 


CHa CHa 

1 I 

CO + 2H = CHOH’; 

I I 

CHa CHa 

Acetone. Isopropyl Alcohol. 


CHa CH. CH 

I I I 

2C0 + 2H - HO—c -c.o; 

I I I 

CHa CHa 

Pinacone. 


Nucleus-synthetic Methods of Formation. 

(5a) Acid Chlorides and Zinc Alkyls; Ketones, Zinc Alkyls and 
Alkylogens, —very remarkable synthetic method, proposed by 
Butlerow (iSG^), which led to the discovery of the tertiary alcdhols, 
consists in the action of the zinc compounds of the alkyls on the 

chlorides of the acid radicals (Z. Ch., iS64,f385 ; 1865, 614). 

• • 

The reaction proceeds in three stages. At first only one molecule of zinc 
alkyl reacts, and forms an addition compound with the acid chloride, as a result 
of the breaking down of the double linkage between the carbon and oxygen: 

I. CHa.cf +Zn(CH8)a=CH, 

^C1 

Acetyl Chloride. 

By decomposing the reaction-product with water, acetone is formed. How¬ 
ever, should a second molecule of the zinc alkyl a^t upon the new compound, 
further reaction will take place on longer standing: 



If water be now permitted to react, a tertiary alcohol will be formed: 


✓CHj 

III. CH*.C^0.Zn.CH,-f2H,0=CH,.C 
\CH, 


• Altered from German edition, according to original paper. Bull, soc* chilli* , 
t,] Si. 672 (Tr.).^ - 


yCHf • 

^OH 4 -Zn(OH),+CH 4 . 

x:h. 


XH, 

C^O.ZnXH,. 

Hci 
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^ If, in the second stage, the zinc colfpound of another radical be employed, 
tjhe latter may be introduced, and in fcis manner we obtain tertiary edcohols 
containing two or three different alkyljtroups (A. 176 , 374, and 188 , no, 122 ; 
C. 1910, II. 1201). 0 

It is remarkable that only zinc mcth;, 1 and zinc ethyl furnish tertiary alcohols, 
whilst zinc propyl produces only those of the secondary type (B. 18 , 2284 ; 24 , 
R. 667). 

The ketones in general do not react with the zinc alkyls. On the other hand, 
there are ketones which do not"contain a GH3 group united to a CO group, such as 
diethyl ketone (€2115)300, dipropyl ketone (C2H7)2CO, and ethyl propyl ketone 
C3H5.CO.C3H7, which are converted by zinc and methyl or ethyl iodide into 
zinc alkyl compounds: these, under the inilucncc of water, pass into tertiary 
alcohols (B. 19 , 60 ; 21 , R. 55). Unsaturated tertiary alcohols arc obtained from 
all the ketones by tlie action of zinc and allyl iodide (A. 196 , 113). 

w 

I 

(5&) When zinc alkyls act upon aldehydes, only one alkyl group 
enters the molecule, and the reaction-product of the first stage yields 
a secondary alcohol when treated with w'atcr (A. 213, 369 ; and B. 14, 

2557): 

CH,.CHO CH..CH.<C=H. 

Aldehyde. ^ Methyl Ethyl Carhxiiol. 

All aldehydes (even those with unsaturated alkyls, and also furfural) react in 
this way—but only with zinc methyl and zinc ethyl, whilst with the higher zinc 
alkyls the aldehydes undergo reduction to their corresponding alcohols (B. 17 , 
R. 318). With zinc methyl, chloral, CClj.CHO, yields Irichlorisopropyl alcohol, 
CCl3.CH(OH).CHa; whereas with zinc ethyl it is only reduced to trichlorethyl 
alcohol (A. 223 , 162). « 

(5c) Just as tertiary alcohols are obtained from the acid radicals, so 
secondary alcohols are derived from the esters of formic acid. Zinc 
alkyls (or, better, alkyl iodides and zinc), are allowed to paact in this 
cage, and two alkyls are introduced : 

/O.Zn.CHg /O.Zn.CHj /OH 

*-HCf ->-HC -CH3->-HC^CH3-^HC^-CH. 

^O.CjHj O.C2H5 ^Clls "^CHs ‘ 

Ethyl Formic Ester. Dimethyl Carbinol. 

^» 

By using some other zinc alkyl in the second stage of th6>rcact,'on, or by working 
with a mixture of two alkyl iodides and zinc, two different alkyhs may also be 
introduced here (A. 175 , 362, 37-d. 

Zinc and allyl iodide (not ctJiyl iodide, however) react similarly with acetic 
acid esters. Two alkyl groups are introduced and unsiituratcd tertiary alcohols 
formed (A. 185 ,175). 

Chlorinated ethers, e.g. CiCHj.OCHs, and zinc alkyls yield ethers of primary 
alcohols (B. 24 , R. 858) ; 

2Cl.CH3.0CH,+Z>.(C3H5)3=2C3H,.CH3.0CH3H-ZnCl,. 

4 

(6) Alkyl magncsiivm halides react similarly to the zinc alkyls 
with aldehydes and ketones. They areusoluble in ether, are more 
convenient to deal with'arid are generally more valuable. The alkyl 
magnesium halides unite with aldehydes and ketones by breaking the 
double oxygen bond, and subsequently give up the particular alcohol 
on the addition of acidified water to the addition compound. Poly¬ 
merized formaldehyde (trioxymethylene) gives rise to a prin^y 
alcohol, the other aldehydes to secondary and the ketones to tertiary 
alcohols ififignard ): 
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CH,CH,MgBr —MgA 

CH.O--V CH, 1 


•CHjCHjMgl ^O—Ilgl 

CH.CHO- >CH^CH I 


^CHaCH, 

->CHjCH 

/OH 


CH.CHjMgl /O—^Mgl 

(CH,),CO-^(CH,).C< , -;^(CH,),C<^ 




CH,CH, 


By similar reactions formic acid ester^ yield secondary alcohols, 
whilst alkyl carboxylic acid esters and carboxylic acid chlorides and 
anhydrides give rise to tertiary alcohols : ^ ' 

CHaCnaMgl ^OCjH. CH,CnaM«I ^CHjCH, 

HCOOC-H. —-^^HC-0?.Jgl — • OMgl 

\CHaCH3 ^ '^CHjCHs 

--> liCOH 

\CHaCH3 

CHjCn rHaCHaMgl ^CH,CHj 

CHaCOOCjHa.> CHjC—OMgi ->CHsC—OMgl 

\CHjCH, ^CHjCH, 

->-CH,COH 

\CHjCHa 


In many reactions the tertiary alcohols whi(;h are first formed 
lose water and so become converted into unsaturated hydrocarbons, 
which may thus constitute tlie secondary or even the main product 
of the reaction (€. 1901, I. 725 ; IJ. 622 ; 1902, I. 414). 

Primary tilcoliols are also obtained by warming the addition- 
products of ethylene oxide with the alkyl magnesium halides (C, 
1903, II. 105 ; 1907, I. 1102) : 

CHa\ ' /Br CH,—OMgBr CH*—OH 

1 >O.Mg<" -I -^ I 

CH/ CHa—C,H» . CH,—CgH, 


(7) The action of sodium or barium alcoholates on alcohols of the 
same name—especially among those of high molecular weight—Pleads 
to the formation of monohydric alcohols possessing two or three times 
the carbon content in the molecule (B. 34, 3246; C. 1902, I. 743)- 
For instance: amyl alcohol gives rise to a decyl alcohol of the con¬ 
stitution isopropyl isoamyl ethyl alcohol. 


(CH,),.CH.CH.CH.OH 


In addition to the above universal methods?* alcohols are formed by 
various other reactions. Their formation in the alcoholic fermenta¬ 
tion of sugars in the presence of ferments is of great practical import¬ 
ance. Appreciable quantities of methyl alcohbl are produced in the 
dry distillation of wood. ^ Many alcohols, too, exist in combination 
as already formed natural products in compounds, chiefly as compound 
esters of organic acids. 
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y CoBTenton of Primary Into Soeond^ry and Torttaiy AleohoK^By the eUminaK 
(tion of water the primary alcohols become nnaaturated hydrocarbons CnUtn 
(p. 82). The latter, treated with coventrated Hl» yield iodides of secondary 
alcoholic radicals, as iodine does not s *i;ach itself to the terminal but to less 
hydrogenized carbon atom (p. 8^]). S^ocdary alcohols result when these iodides 
are acted on with silver oxide. The JEuccessive conversion is illustrated in the 
following formulae: 


CH, 

CH* 

CHg 

CH, 

1 

■' 1 

1 

1 

CH, 

->CH - 

^CHI — 

- CH.OH 

1 .. 

II 

1 

i 


CH, 

CH, 

CH, 

Propyl 

Alcohol. 

Propylene. 

Isopropyl 

Iodide. 

Isopropyl 

Alcohol. 


In a similar manner primary alcohols in which the group CH^.OH is joined to 
secondary radical, pa^s into tertiary alcohols : 

e 2 j>CH.CH,.OH > ch|>c=ch, ->ch|>ci--ch, ->ch|>C(OH).ch, 

Isobutyl Alcohol. Isobutylene. Tertiary Butyl Tertiary Butyl 

Iodide. Alcohol. 

The change is better effected by the aid of sulphuric acid. The sulphuric 
esters (p. 84), arising from the alkylenes, CnHs„, have the sulphuric acid residue 
linked to the carbon atom with the least numb^ of attached hydrogen atoms. 

Physical Ptoperties.—In physical properties alcohols exhibit a 
gradation corresponding with their increase in molecular weight like 
other bodies belonging to homologous senes. The lower alcohols 
are mobile liquids, dissolving readily in water, and possessing the 
characteristic alcoholic odour and burning taste. As their carbon 
content increases, their solubility in water grows rapidly less. The 
normal alcohols, containing from one to sixteen carbon atoms, are 
fluid at the ordinary temperature, whilst the higher members are 
crystalline solids, without odour or taste, resembling the fats. Their 
boiling points increase gradually (with similar structure) in proportion 
to the increase of their molecular weights, the rise being about 20® 
for a difference of CH2. The primary alcohols boil higher than the 
isomeric secondary, and the latter higher than* the tertiary alcohols. 
Here we observe again that the boiling points are lowered by an 
accumulation of methyl groups (see p. 50), 

The boiling points can be calculated with approximate accuracy 
from the alkyl residues present (B. 20, 1948). The higher members 
are only volatile without decomposition under diminished pressure, 

COiemical Properties i^d Seactioiui.—^The alcohols are neutral 
compounds. In many rf'spects the first members of the series resemble 
water, and enter into combination with many salts, in which they 
behave as alcohol of crystallizaiion (p. izo^>. 

Some of the more iirijJortant reactions are— 

(1) The hydroxyl hydrogen is easily replaced by sodium, potassium, 
and other metals, yielding thereby the alcoholates or alkoxides (p. 116). . 

(2) In their interaction with strong acids water separates and com 
pound ethers or esters are produced. Thi$ reaction, in which the ; 
alcohols figure as the base, is analogous to that taking place in the 
formation of a salt from a basic hydroxide and an acid (p. zx6). 
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(3) The haldi esters of the aIcoho]|| are produced when the alcohols 
* are heated together with*the halo^n acids. These esters are the 

mono-halogen d^vatives of the paraffins (p- 93)- A more convenient 
method for their formation consists In heating the alcohols with ^e 
phosphorus halides (p. 93). * 

Nascent hydrogen, acting on these esters, affords a means of 
reconverting the sdcohols into ti^eir corresponding hydrocarbons 

(P- 93 )- 

(4) The primary saturated alcohols, on being passed over finely 
divided metals (Cu, Ni, Zn, Al) heated te redness, are decomposed 
into aldehydes. Similarly, secondary alcohols give i;jse to ketones, 
and tertiary alcohols to olefines (C. 1903, I. ISP12; J. pr. Ch. [2] 
67 , 420). 

(5) Energetic, dehydrating agents convert the* alcohols, especially 
those ot the tertiary class, into olefines (p. 82^. 

4 Reactions distingoiBhing Primary, Secondary, and Tertiary 
Alcohols. —(i) In the preliminary description of the alcohols it was 
clearly shown that primary alcohols, upon oxidation, yield aldehydes 
and carboxylic acids ; that the secondar}? alcohols form ketones with 
like carbon-content (p. 102), and that the tertiary alcohols break 
down. 

(2) If the alcohols be converted by phosphorus iodide (p. 93) into their 
iodides, and the latter arc changed by silver nitrite to nitroalkyls (p. 141), these 
will show characteristic coIoCr reactions, according as they contain a primary, 
secondary, or tertiary alcohol radical. 

(3) Acetic esters arc formed when the primary and secondary alcohols are 
heated with acetic acid to 153^ C. The tertiary alcohols, under similar treatment, 

lose water and ^orm alkylenes (A. 190, 343 ; 197, 193 ; 220 , 165 ) 

(4) When the primary alcohols are heated with soda-lime they yield their 
corresponding acids: 

R.CH,.OH-fNaOH=R.CO.ONa-|-2H,. 

pels reac& with the primary alcohols to form mainly esters of the type 
RO.PCls^ widi secondary alcohols it produces unsaturated hydrocarbons, and 
with tertiary alcohols the corresponding alkyl chloddes (C. 1897, II. 334). 

(6) Primary and secondary alcohols yield the corresponding acetic acid esters 
with acetyl chloride CH3COCI; the tertiary alcohols, on the contrary, give rise 
to tertiary alkyl halides (C. 1906 , II. 747 )> 


A. SATURATED ALCOHOLS, PARAFFIN ALCOHOLS, CnHtn^iOH 


The most important members of this series, *and of the monohydric 
alcohols in particular, are methyl alcohol or wood spirit, CHs.OH, and 
ethyl alcohol or spirits of wine: CH3.CH2.OH. 

I. Methyl Alcohol, Wood Spirit, Carbino^ ^Methanol}, CH3.OH, 
b.p.760 66-67°, 1^20=079^* differs from all other primary alcohols in 
that it contains the CH2OH group in union with hydrogen. Hence its 
oxidation is not restricted to the corresponding monobasic carboxylic 
acid, but may extend to carbonic acid : 



.OH 

I 

H 
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It is formed in large amountshin the dry, distillation of wood- Tlie 
'name methyl is derived from (wine), and vA.i; (wood). 

Physical Propetiics. —Methyl alcohol is a mobile liquid with 
spirituous odour and burning t^ste. It mixes with water, alcohol, 
and ether. 

History. — Boyle discovered wood spirit in i6f)J amon^ the products of the 
dry distillation of wood. In 1812 Taylor recognized it as being similar to spirits 
of wine, but considered it an entirely different body. Dumas and PMgot (1831) 
(A, 16 , i) made the first study of it. 

Methyl alcob.ol is also produced in the dry distillation of molasses. 

It occurs in nature as methyl salicylic ester, winter^ 

green oil, derived from Gaultheria procumhens : as the methyl ester of 
anthranilic acid in neroli oil, in many alkaloids and other compounds. 

The full synthesis of methyl alcohol proceeds from carbon disulphide 
through methane and mctliyl chlori(lc, by the action of aqueous 
potassium hydroxide on the latter at 100° {Berihelot, 1858, A. chim. 
phys. [3] 62 , loi): 

KOI! 

eSa —cTi^ — cn^n —cHs.oh. 

The aqueous product ohtuiiiocl in Ihc distillation of wood at 500® in iron 
retorts contains methyl alcohol, acetone, acetic acid, methyl acetic ester, and 
other compounds. It is distilled over <|uick-Iime or soda, whereby the acetic 
acid is held back in the form of a salt. Further purification is effected by means 
of anhydrous calcium chloride, which combines with the alcohol to a crystalline 
compound. This is removed, freed from acetone by filtration and drying, abd 
afterwards decompost'd by distilling with water. Pure aqueous methyl alcohol 
passes over, which is then dehydrated with lime or anhydrous potassium carbonate. 
To procure it perfectly pure it is nccc'.sary to decompose oxalic^methyl ester, a 
readily crystallizable substance, the high-boiling methyl benzoate, or methyl 
formic ester, with potassium hydroxide. 

To detect ethyl alcohol in methyl alcohol, the liquid is heated with concentrated 
sulp'iiuric acid, when ethylene is formed from the ethyl alcohtl, whilst methyl 
ether results from the methyl alcohol. The amount of methyl alcohol .m wood 
spirit is determined, quantitatively, by converting it into methyl iodide, CHsl, 
through the agency of PI3 (El 9 , igsS); the quantity of acetone is estimated 
by the iodoform reaction (B. 13 , 1000). * 

Uses. —Wood spirit is employed as a source of heat, and as a 
denaturizing agent for ethyl alcohol. It is also ^sed in making 
varnishes, dimethyl aniline, and for the methylation of many carbon 
derivatives, particularlj' the dye-stuffs. It is a good solvent for many 
compounds of carbon. 

Chemical Properties. —'^i) Methyl alcohol combines directly with 
CaCl2, to form CaCl2.4Cfl40, crystallizing in brilliant six-sided plates; 
homologous alcohols gl ve similar compounds (C. 1906, II. 1715). Barium 
oxide dissolves in m^tljyl alcohol, folrming the cr3^talline body 
Ba0.2CH40. The alcohol in this salt behaves as alcohol ofcrystallizcUion. 

(2) Potassium and sodium dissolve in the anhydrous alcohol, to 
form methylates, e.g. CHaOK and CHgONa, 

(3) Oxidizing agents, e,g. air in presence of platinum black or 
copper oxide, change methyl alcohol to formaldehyde, formic acid, 
and carbon dioxide. 

(4) Chlorine and bromine d^ not act so readily on methyl as 
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on ethyl alcohol. Chlorine attacks jj Aqueous methyl alcohol, however, 
quite easily (B. 28 » R- 771). Die; loromethyl ether, (C1CH2)20, is* 
fest produced jvhich water convert into formaldehyde and hydro¬ 
chloric acid (B. 26 , 268). 

(5) When methyl alcohol is heatcii with soda-lime, sodium formate 
results with evolution of hydrogen : 

CH,.OH-fNaOH=^HO.ONa*f2H,. 

(6) Wlien the alcohol is distilled over zinc dust, it breaks down into 
carbon monoxide and water, 

2. Ethyl Alcohol, 5 ^m 7 so/prme [F/Aawo/], CH3CH2OH, m.p. -112'’ 
(B. 33,638) b.p.7flo 78'3®, Do=0‘8o6, D20 o^Sg.-^-In 'consequence of' 
its formation in the spirituous fermentation of saccharine plant juices, 
alcohol, in impure state, was known to the ancients. It was, however, 
only at the end of the eighteenth century that the knowledge of how 
it might be obtained in,an anhydrous condition was first acquired. 
In 1808 Saussure determinecCits constitution. 

Occurrence, —Ethyl alcohol seldom occurs in the vegetable kingdom. It is 
found, together with ethyl butyrate, in the unripe seeds of Heracleum giganteum 
and Heracleum spondylium. It is also present in the urine of diabetic patients. 
It appears in that of healtliy men alter excessive consumption of alcoholic 
beverages. 

Formation. —It may be obtained by the general methods previously 
described for primary alcohols : (i) From ethyl chloride ; (2) from 
ethyl sulphate ; (3) from bthylcne chlorhydrin ; from ethylamine ; 
(5) from aldehyde ; and (6) from acetyl chloride or acetic esters. The 
synthesis of ethyl alcohol is, therefore, possible in two ways. The 
first three methods show that it is genetically connected with acetylene, 
ethylene, and^thane, whilst the last three mctliods indicate its relation to 
acetylene just as acetic acid and its nitrile are genetically connected 
with methyl alcohol. These relations are made clear in the foIlo^Ying 
diagram:— * 
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' Starting with acetylene, the mosiL direct course to ethyl alcohol would be. 
d^ough acetaldehyde. Water conveiTcs it into the latter (p. 87)/ and nascent 
hydrogen then reduces the aldehyde to 1 ilcohol. 

If the acetylene be changed to ethylene, then various possibilities arise for th6 
formation of ethyl alcohol: (7) Ethypne and hydrogen unite to form ethane, 
which chlorine changes to ethyl chloridi, yielding alcohol when heated with water. 

(2) At 160® ethylene unites with sulphuric acid, forming ethyl sulphuric acid, 
which boiling water changes to ethyl alcohol and sulphuric acid. In this manner 
Betihelot first carried out the syntheUs of ethyl acohol (C. 1899, I. 1018). 

(3) Ethylene and hypochlorous acid yield ethylene chlorhydrin or mono* 
chlorethyl alcohol which may be reduced to ethyl alcohol. 

A nucleus-synthesis of ethyl alcohol from methyl alcohol is possible through 
acetaldehyde. Methyl alcohol can be synthesized from carbon disulphide 
•(p. no). Phosphorus iodide converts the methyl alcohol into methyl iodide, 
and this, by action of potassium cyanide, is changed into methyl cyanide. Boiling 
alkali transforms the latter into an alk^i acetate, which phosphorus oxychloride 
converts into acetyl chlqride. The latter, by reduction, yields ethyl alcohol, with 
acetaldehyde as an intermediate product. Acetaldehyde ma/also be prepared 
from calcium acetate by heating it with calcium formate. 

t 

Preparation. —Ethyl alcohol is prepared on a technical scale almost 
exclusively by what is termed the “ alcoholic fermentation ” of 
saccharine liquids. 

Schwaan, in 1836, and independently Cagniard Latour. found that alcoholic 
fermentation was brought about by yeast cells. This discovery, as opposed to 
Liebig's mechanical fermentation theory (A. 29 , 100 ; 30 , 250, 363), only found 
general acceptance from 1857 onwards, through Pasteur's investigations (A. chim. 
phys. [3] 68, 323). In 1897 Buchner showed that the expressed liquid from 
mechanically broken u^ yeast cells could also bring about alcoholic fermentation. 

It is not yet settled whether the capacity for causing fermentation is due to the 
presence of an enz5rme-like body, zymase (enzyme theory), or whether it results 
from the action of living protoplasm (plasma hypothesis (B. 32 , 2086, 2372; 
33 , 971, 2764. with bibliography ; C. 1900, I. 1033 ; 1091, II. 700^ 

By ** spirituous '* or ** alcoholic *' fermentation is understood the breaking 
down of certain kinds of sugar into alcohol and carbon dioxide by yeast, an 
organized torment, which consists of microscopic cells, about 0*01 mm. in diameter, 
and Is known as saccharomyces cerevisiae seu vini. v • 

Conditions of Alcoholic Fermentation. —^The yeast germs increase by 
budding in dilute, warm (§-30°) sugar solutions: the growth is most.^ 
rapid at 20-30® C. Its development requires salts, especially phos¬ 
phates, and albuminous substances, as well as oxygen at the commence¬ 
ment (B. 29 ,1983), but the fermentation proceeds afterwards without 
access of air. When the quantity of alcohol in a fermenting liquid 
reaches a certain amount, the fermentation ceases, since the yeast 
germs cannot grow in liquids containing 14 per cent, of alcohol. ITiey 
are also destroyed by a temperature of 60®. and by small quantities of 
phenol, salicylic acid, metcuric chloride, and other disinfectants. 

The sugars occurriwg in ripening fruits—grapes, apples, cherries— 
and in cane and beet, as well as in manf other plants, belong to the 
class of carbohydrates, ^luch contain carbon, together with hydrogen 
and oxygen in the same pro|wrtion in which they are present in watw. 
The car&hydrates will-be discussed immediately after the hexahydric 
alcohols: CoH8(OH)q — mannitol, didcitol, sorbitol, etc., of which the 
first oxidation products are the simple carbohydrates, CeHiaOg, 
However, so much relating to the carbohydrates will be given at this 
time as appears necessary to understand alcoholic fermentc^tion. 
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The carbohydrates may be arran^d in three principal classes: 

1. Glwoses or Monoses, CflHi20e J dextrose, laevnlose, etc. 

2. Saccharohioses, Ci2H220ii: mjutosc, sucrose, lactose, etc. 

3. Polysaccharides (C0H10O5)* : sijarch, dextrin, etc. 

The carbohydrates of the second lind third classes bear the relation 
of anhydrides to the sugars of the first group. 

The simple sugars of the formilla CgHi206 are capable of direct 
alcoholic fermentation. This is particularly true of dextrose and 
kevulose, as well as of maltose among the saccharobioses. Technically, 
it is of the greatest importance that those Saccharobioses and the poly¬ 
saccharides which are not directly fermentable, can be converted by« 
absorption of the elements of water into directly fermentable sugars. 

Unorganized Ferments or Enzymes, —^The breaking-down of saccharo¬ 
bioses and polysaccharides by absorption of water f^ydrolysis) is induced 
by enzymes —albuminoid-like compounds, of Vhich the most important 
of this class are invertin a!hd diastase, 

Invertin is produced in the yeast germ. It is soluble in water and 
has acquired its name from the fact that it is capable of convert¬ 
ing sucrose into equimolecular quantities of dextrose and laevulose, 
known as invert sugar. At the same time the rotatory power of the 
liquid is reversed—^it is inverted. Sucrose and dextrose are dextro¬ 
rotatory, whereas laevulose deviates the plane of polarized light more 
strongly towards the left than an equivalent quantity of dextrose 
turns it to the right. Consequcntlj^ inversion .changes a dextro¬ 
rotatory sucrose solution into a lacvo-rotatory solution of invert 


sugar: 

H.O 

Sucrose, l&vertm 
dextro-rotatory. 


- CjH I jO,—Dextrose, dextro-rotatory 
-CjHjjOa—I^vulose, l®vo-rotary 


Inirert 

Sugar, 

lavo- 

rotatory. 


Diastase is another unorganized ferment, produced in the germkia- 
tion*of barley and other grains. The germination of the so-called green 
malt is stopped by killing the germ by rapid drying. The matt is 
then subjected to kilii-dr3dng at a tempei'ature which will not in¬ 
fluence the activity of the diastase which, at 50° to 60°, can hydrolyze 
the starch. Two-thirds of the latter are changed to maltose^ which 
can be directly fermented by yeast, whilst one-tliird is converted 
into dextrin, which is changed much more slowly by the diastase into 
dextrose. • 


Maltose, like sucrose, belongs to the saccharobioses. It takes up 
the elements of water and is resolved into dextrose. Lactose, also a 
saccharobiose, in the same way passes into a mixture of equimolecular 
quantities of galactose and dextrose. A reviev# of these hydrolytic 
relations is shown in the diagftim (p. 114). 

The hydrolysis of the saccharobioses ana 6f starch may also be 
brought about by warm, dilute sulphuric acid, whereby, for instance, 
starch is converted into dextrose and dextrin. In technical operations 
the preparation of saccharine juices from starchy compounds for the 
purpose of fermentation is carried out almost exclusively by the 
diastase of malt. 
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Carbo^ 


YDXATXS, 


Glucoses, Momosss 

CgHijOg. 


Dextrose 


Dextrose •<- 


Dextrose 


Laevulose 


Dextrose <<- 


Galactose ^ 
Dextrose 




lAROBIOSBS 


-Maltose •<- 


'[-^Sucrose 


-Lactose 


Polys ACCKAiiTDBS 
(C.HfoOg) X. 


Starch 


Y 

— Dextrin 


According to Pasteur, 94 to 95 per cent, of sugar changes to alcohol 
and carbon dioxide according to the equation : 

CtH„0,=2C,H,0+2C0,. 

Fusel oil, some glycerol (2-5 per cent.) and succinic acid (o’6 per cent.) 
are formed simultaneously, although the latter two substances appear 
generally towards the end of the fermentation (B. 27 , R. 671). The 
fusel oil contains n-propyl alcohol, isopropyl alcohol, isobutyl alcohol 
(CH,)iCH.CH,OH, and especially amyl alcohol of fermentation—mix- 

true of isobutyl carbinol, q^*>CH.CHj|.CH,OH, and optically active 
methyl ethyl carbin carbinol, (p. 120). 


h^ot only the varieties of Saccharomyces, but also other budding fungi, e.g. 
Mucor muerdo, induce alcoholic fermentation. The various secondary fermen¬ 
tations occasioned by Schizomycetes are remarkable. It appears that the fusel 
oil (but^l and amyl alcohols) is produced by them in ordinary yeast fermentations. 
Later views and experiments 'lead to the view that fuj^el oil, as well as succinic 
acid, is not derived from the carbohydrates, but from the proi^ins (or their deconf-* 
position products—aminocaproic acid, aminovalcric acid, aminoglutaric acid), 
which arise partly from the material containing the sugar, and partly h-om 
the added yeast (C. 1905, II. 156; B, 39 , 3201). Alcoholic fermentation occurs 
without the agency of organisms in undamaged ripe fruits (grapes and cherries), 
when these are exposed foi; a period in an atmosphere of carbon dioxide. 

Alcoholic Beverages .—The materials used in the preparation of alcoholic liquids 
by means of fermentation are : 

X. Saccharine plant juices. ^ 

2. Starch'containing subiiances, seeds of grain and potatoes. The fermented 
liquids are directly consumed {wine, beer) or they are first distilled in order to 
produce the various kinds of spirits, the alcohol content of which may exceed 
50 per cent.: ^ 

(x) By the fermentation of saccharine juices wc obtain : 


(a) without subsequent distillation : 
From grapes: win^. 

,, apples: cider. 

currants: currant wine, 

etc. 


(6) with subsequent distillation: 

From wine: cognac. 

,, molasses: rum. 

„ cherries: *' kirschwasser 

‘ (Baden). 

prunes: sliwowits (Bohe¬ 
mia), etc. 
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(2) By the fenaentation of starch-clbiitainizig subetances, after converting 
the starch into sugar with malt: « 

(a) wiihoui subsequent distillation: .( 6 ) with subsequent distillation: 

Barley: tfirar. 7 Barley and rye, wheat or oats, and 

Wheat: weissbier (Berlin). 1 maize: com whisky of various 

Rice: sak^ (Japan). I kinds. 

f Rice: arrac (East India). 

J Potatoes: potato spirit. 

Manufacture of Potato Spirit.^ —Pure ethyl alcohol is obtained from potato 
spirit. The potatoes axe first heated vrith steam to 140-150** C. under a pressure 
of from 2 to 3 atmospheres. The lower part odthe apparatus is then opened and 
the potato mash pressed out and digested at 57-60** in a mashing apparatus with 
finely divided malt mixed with water. In this manner.the slaxch of the potatOM 
is converted into sugar. When the mash has*cooled to the proper temperature 
it is run into the fermentation-tubsi where it comes into conf^t with “ pure cul¬ 
ture'* of yeast, and is then fermented. Crude spirit results from the distillation 
of the fermentea mash; what remains is knowu as vinasse. 

Manufacture of Pure Absolute Alcohol, —^To purify the crude spirit further it 
is fractionated on a large scale in the column apparatus of Savalle, Pistorius, 
Itges,^ The first portions, more readily volatile, contain aldehyde, acetal, and 
omer substances. A purer spirit (contmning 95-96 per cent, of alcohol) follows, 
and in commerce is known as spirit. FinalIy»come the tailings, in which arc the 
fusel oils. To remove the latter, the spirit is diluted with water and passed through 
previously ignited wood-charcoal, which retains the fusel oils, and the filtrate is 
then distilled. 

To prepare anhydrous alcohol, the rectified spirit (90-95 per cent, alcohol) is 
distilled with anhydrous potassium carbonate, anhydrous copper sulphate, 
quick-lime (A. 160 , 249), or barium oxide. Commercial ** absolute" sdcohol 
(about 99 per cent.) can be freed from its last traces oS aldehyde and water, by 
treatment with alk^i and silver oxide, and subsequent distillation over metallic 
calcium (B. 88, 3612). 

Detection of Water in Alcohol. —Absolute alcohol dissolves barium oxide, 
assuming a yellow colour at the same time, and does not restore the blue colour 
to anhydrousi\;opper sulphate. It is soluble without turbidity in a little benzene; 
when more than three per cent, of water is present, cloudiness ensues. On adding 
anhydrous or absolute alcohol to a mixture of very little anthraquinone and some 
sodium amalgam it becomes dark green in colour, but in the presence of tr«ices of 
water a red coloration appears (B. 10 ,927). Aqueous alcohol generates acetylene 
from calcium carbide, whilst the anhydrous spirit has no action in the cold (C. 
1898, I. 658, 1225). 

Detection of Alcohol. of alcohol in solutions are detected and deter¬ 
mined either by oxidation to aldehyde [q.v.) or by converting it by means of 
dilute potassium hydroxide and iodine into iodoform (B. 13 , 1002). 

Its conversion into ethyl benzoate, by shaking with benzoyl chloride and 
sodium hydroxide jB. 19 , 3218 ; 21,2744) also answers for this purpose. 

Properties. —^Absolutely pure alcohol is a mobile, colourless liquid 
with an agreeable ethereal odour. At the temperature of liquid 
air it is a thick liquid, and it solidifies t© a vamish-like mass. It 
bums with a non-luminous flame and absorbs water energetically 
from the air. When mixed with water a coniraction occurs, accom¬ 
panied by rise of tempeJfeture; the maximum is reached when 
one molecule of alcohol is mixed with thrdb molecules of water, 
corresponding with the formula C2H5O +3H2O. The amount of alcohol 
in aqueous solutions is given either in per cqnt. by weight (degrees 
according to Richter) or per cent, by volume (degrees according to 
Tralles). It may be determined by an atcoholometer, the scale of 

* Ferd. Fischer: Hdb. d. chem. Technologic, 14. Aufi., 1893, S. 94 ^* 
t /Md., 15. Aufi., 1902, 2 Bd. p. 393. « 

• • 0 



ii6 ORGANIC CHiEMISTRY 

which gives directly the per cent, by weight or volume for a definite 
temperature (is** C.). Or the vapour tension is ascertained by 
means of the vapourimeier of Gei^ler, or the boiling point is deter¬ 
mined with the ebidlioscope. 

The alcohol contained in spiritt|^)us beverages is first distilled off 
and then estimated in the distillate. * 

Alcohol dissolves many mineral ^alts, the alkalies, hydrocarbons, 
resins, fatty acids, and almost all the carbon derivatives. The majority 
of gases are more readily soluble in it than in water ; lOO volumes of 
alcohol dissolve 7 volumes ofliydrogen, 25 volumes of oxygen, and 16 
volumes of nitrogfen. , 

Ethyl alcohol forms crystalline compounds with some salts, e.g. 
calcium chloride and ma^esium chloride, in which it behaves analo¬ 
gously to water of crystallization. 

Reactions .—Potassium and sodium dissolve in it, yielding the alco- 
holates. With sulphuric acid it yields ethyl sulphuric acid, and with 
sulphuric anhydride, carbyl sulphate (p. 83). Phosphorus bromide and 
iodide change it into ethyl bromide and ethyl iodide. Being a primary 
alcohol, such oxidants as manganese peroxide and sulphuric acid, 
chromic acid, platinum black and air, convert it to acetaldehyde and 
acetic acid (p. 102). Chlorine and bromine oxidize alcohol to acetalde¬ 
hyde, which unites with more alcohol to form acetal. Chloral- and 
bromal-alcoholates are derived from acetal. Bleaching powder changes 
alcohol to chloroforni, and iodine and potassium hydroxide convert 
it into iodoform. Nitric acid, free from nitrous acid, changes alcohol 
into ethyl nitrate {q.v.). Under certain conditions alcohol can be so 
oxidized by nitric acid that, besides attacking the CH2.OH group, 
the methyl group may be changed with the resulting formation of 
glyoxal, glycollic acid, glyoxalic acid, and oxalic acid : 

CH,.OH 
CH, 

Ethyl Alrohol. 

Mercury fulminate {q.v.) is produced when alcohol acts on mercury and 
an excess of nitric acid. Boiling with mercuric oxide and sodium hydroxide 
gives rise to a basic, explosive body, CjHga04Hj, called merca.-bide (B. 33 .1328). 

If alcohol be passed through a red-hot tube, decomposition will be found to 
begin at 800®, and at 802-830®, about J of it splits up into ethylene and water, 
and t into aldehyde and hydrogen, whilst 5 of the aldehyde further breaks down 
into methane and carbon mono?'ide (B. 34 , 3579)- These decomposition products 
appear at lower teraperatui;fs by passing alcohol vapour over finely divided 
metals or aluminium oxide (C. 1903, I. 955 ^ 335 )- 

Alcoholates .—Sodium bthoxide is the most important alcoholate, as it is 
employed in a scries of nucleus^synthetic reactioifs. It affords a means of splitting 
off water and alcohol. It'may be prepared by dissolving sodium in alcohol, 
then heating it to 200® C. in an atmosphere of hydrogen to free it from alcohol, when 
it forms a white, voluminous powder (A. 203 ,294 ; B. 22 ,1010). Or, a calculated 
quantity of metallic sodiuti is added to a solution of ^cohol in ether, toluene, 

* Post: Chemisch-technische Analyse, Braunschweig, i88r; Bockmann, 
Chem.-tech. Untersuchungsmethoden, Berlin, 1888 ; K'onig : Chemie der menseb- 
lichen Nahrungs und Genussmittel; Eisner: Die Praxis des Chemikers bei Unter- 
suchnng von Nahrungsmitteln, etc., 189^^. 


CHO 


COjH 


CO,H 


COjH 


CHO 

Glyoxal. 


CHgOH CHO 

- I 

Glycollic Acid. Glyoxalic Acid.* 


CO,H 


Oxalic Acid. 
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or xylene, and the whole is heated unJer a reflux condenser until the sodium^ 
has entirely disappeared (B. 24 , 649 ; 87 , 2067). An excess of water changes' 
the alcohoiates to alcohol and sodium hydroxide; with a small amount of water 
the reaction i» incomplete. The alcohoiates also result on dissolving KOH 
and NaOH in strong alcohol. Sodiuni peroxide converts alcohol into sodium 
alcoholate and sodium hydrodioxide. *aO.OH (B. 27 , 2299). 

Calcium Ethoxide, Ca(OC|H^)a, is iomned by the solution of metallic calcium 
in alcohol, or by the decomposition of calcium carbide by absolute alcohol with 
the aid of heat (B. 28 , R. 61; 38 , 3614)* • 

AluminiumEthoxide,A\{OCiil^)^,m.p, 134®; b.p.14205®; AluminiumPropylate 
A1(OC|H7)s. ni.p. 106®. b.p.i4 248®. are remarkable in that they are volatile without 
decomposition under much reduced pressure. A iuminium Methoxide is decomposed 
by heat under reduced pressure. These compounds are prepared by the action 
of the respective alcohols on amalgamated aluminiui]j (C. I900, I. 10, 585). • 

Substituted Ethyl Alcohols: 


1. CHiCLCHjOff 

2. CHCl,.CH,OH 

3. Ca,.CH,OH 

4. CH,NO,.CH,OH 

5. CHa.NH,.CH,OH 

6. CH,.CH(NH,)OH 


Glycol Chlorhydrin (Bromhydriiv lodohydrin). 
Dichlorethyl Alcohol^ b.p. ^146® (B. 20 , R. 303), 
Tric^hlorethyl Alcohol, m.p. 18® ; b.p. 151® (A. 210 , 63). 
Nitroethyl Alcohol. 

Hydyoxethylamine \ . .. , , 

Aldehyde Ammonia} Alcohols. 


t 

The compounds i. 4. and 5 will be discussed together with ethylene glycol, 
and C with acetaldehyde. Di- and trichlorethyl alcohols have been prepared 
by the interaction of zinc ethyl and di- and trichloracetaldehyde (p. loo), whilst 
trichlorethyl alcohol is formed from urochloralic acid {q.v.). The connection 
between the chlorinated ethyl alcohols and their oxygen compounds, whose 
chlorides they may be assumed to be. is seen in the following tabulation:— 


Monochlorethyl Alcohol. CHjCl.CHgOIl, corresponds *with CHf.OH.CHtOH— 
Glycol. 

Dichlorethyl Alcohol, CHClj.CHs,OH, corresponds with CHO.CHaOH—Glycolyl 
Aldehyde. 

Trichlorethji Alcohol, CClj.CHjOH. corresponds with COOH.CHjOH—Glycollic 
Acid. 


3. Propyl Alcohols [Propanols\, C3H7.OH. —As explained in the 
introjjuction to the monohydric alcohols, two isomeric propyl alcohols 
are theoretically possible : the primary normal propyl alcohol and the 
secondary isopropyl,alcoliol. Their constitution is evident from their 
- methods of formation and their reactions (p. loi). 

Normal propyl alcohol, CH3,CH2.CH2.0H, b.p. 97'4°: D20 = 0-8044, 

Isopropyl alcohol, CH3.CH(OH).CH3, b.p. 827“ ; D20 = 07887. 

Normal Prifpyl Alcohol occurs in fusel oil {Chancel, 1853) from 
whicli it is obtained by fractional distillation. It is an agreeable- 
smelling liquid, which is miscible in every proportion with water, but 
is insoluble in a saturated, cold calcium Cihloride solution, whereby it 
can be distinguished from ethyl alcohol. 14 can also be prepared from 
ethyl magnesium chloride and trioxymethylem^ (p. 106), and by reduc¬ 
tion of propyl aldehyde. Oxidation converts it first to propyl alde¬ 
hyde, and finally to propionic acid. By stl^huric acid it is converted 
into propylene, and by hydriodic acid into isopropyl iodide. Thi? 
body is used for the preparation of isopropyl alcohol (p. 108), 
which can also be obtained by the reduction *of its oxidation product, 
acetone. 

Secondary or Isopropyl Alcohol, Dimethyl Carbinol, prepared 
in 1855 by Berthelot from propylene and sulphuric acid (p* 104), 
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and^in 1862 by Friedel, from acetone. Kolbe (Z. Ch., 1862, 687) 
recognized in isopropyl alcohol the first representative of the claiss of 
secondary alcohols predicted by him (p. loi). , 


It may be obtained from propylene otdde, 


l 


CH,.CH 


^ 0 ,by reduction: from 


formic ester by the aid of zinc and methyl k^dide. and from acetaldehyde by means 
of methyl magnesium iodide (p. 106). Its formation from normal propylamine 
by the action of nitrous acid is noteworthy, and is accompanied by the simul¬ 
taneous production of primary pippyl alcohol and propylene. 

The most practical method of obtaining it is to boil the iodide, which is easily 
prepared from glycerol, with ten parts of water and freshly prepared lead hydroxide 
in a vessel connected witfl a refluk condenser, or by simply heating the iodide 
with twenty volumes of water to roo® (A. 186 , 391). Oxidation changes it into 
acetone, whilst chlorine copverts it into unsymmetric tetrachloracetone (9.1/.). 

Trlchlorlsopropyl Alcohol, q^>CH.OH, m.p. 49®, b.p. about 153®, is pro¬ 
duced by the action of zinc methyl on chloral (p. loO) (A. 210 , 78), 

4. Butyl Alcohols, C4Hj.01I.—According to theory four isomerides are 
possible; 2 primary, i secondary, and i tertiary (p. loi); 


Name. 

Fonnula. 

M P 

BP. 

Sp. Gr. 

I. Normal Butyl Alcohol 

CH,(CH,) 4 CH, 0 H 

Liquid 

Il 6 ' 8 ® 

0 8099 at 20® 

2. Isobutyl Alcohol . 

(CHJa.CH.CHjOH 

»» 

io8*4® 

o-802o at 20® 

3. Secondary Butyl Alco¬ 
hol . 

CH. ^>CH.OH 

tt 

99“ 

0*8270 at 0® 

4. Tertiary Butyl Alcohol 

(CHJ.C'OH 

25 * 

83" 

0*7788 at 30® 


Normal Butyl Alcohol, n-Propyl Carbtnol [i-Bufano/], is fofmed in the 
action of sodium amalgam on normal butyl aldehyde (Method 4a, p. 104), 
wd from ethylene oxide and ethyl magnesium bromide (Method 6, p. 106), It 
is further produced by the fermentation of glycerol by a schizomyutes together 
with trimethylene giycol CH,[OH].ClIjCH,[OH] (Ftiz. B. 10 , 1438 ; 29 , R. yz/. 

Trlchlorobutyl Alcohol, CHj.CHCl.CClj.CHj.OH, m.p. 62®; b.p.^* 120®. fesults 
when zinc ethyl and butyl chlqral (p. io(») arc brought together, and is also 
obtained from urobutylchloralic acid (A. 213 , 372). • , 

Secondary Butyl Alcohol, Methyl Ethyl Carbtnol, Butylene Hydrate, \z~Buianol], 
is a strongly-smelling liquid. It is obtained from methyl ethyl ketone by 
reduction with sodium and water under ether (C. 1901, II. 1113); also 
from normal butyl alcohol by conversion into butylene—vj^th the loss of 
water,—^the addition of hydrogen iodide, and finally the hydrolysis of the 
iodide produced (p. 108). The same iodide is formed on heating erythritol 
CH,OH[CHOH]jCHgOH with hydriodic acid. Heated to 140-250®, it decom¬ 
poses into water and ^-butylene, CHs.CHiCH.CH*. 

The genetic relations existing between the normal primary and secondary 
butyl alcohols, as well as betdl^een a-butylene and ) 3 -butylene, are shown in the 
following arrangement:— t 


CH,OH 


CH, 

CH, 

1 

CH, 

1 

CH, 

CH 

CHI 

CHOH 

CH 

1 

1 ■ 

1 

1 

II 

CH, 

eH. 

CH. 

CH, 

CH 

1 

1 

1 

1 

1 

CH, 

CH, 

CH. 

CH, 

CH, 


Secondary butyl ^cohol is the simplest racemic alcohol (comp. p. 55). It Is 
rasolved into its optically active compone^ by means ^of the brycine a^t of tU 
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acid solphuxic ester; bat so far the two lEatipodes have not been obtained pure 
(B. 40 , 695). ' 0 

Iiobntyl AUobol, Isopropyl Carbinol, Butyl Alcohol of FetmentaHon 

\Methyl-2-propane-i.-ol], occurs in jfusel oils and especially in the 
spirit from ^tatoes. It is a liqui^possessing a characteristic odour. 
It may rea(ij.y be changed to isobi^ylene (CH8)2C=CH2, from which, 
by the addition of halogen acids, derivatives of tertiary butyl 
alcohol are obtained (p. 82). For the action of chlorine on isobutyl 
alcohol see B. 27 , R. 507; 29 , R. 922. « 

Tertiary Butyl Alcohol, Trimethyl Carhinolt lDifnHh^*ethdnoT\, was prepared 
by Butlerow (A. 144 , i) in 1863, from acetyl chloride and zinc methyl, and was 
the first representative of the tertiary alcohols predicted by Kolbe, 

. The oxidationof tertiary butyl alcohol produces isobutyric acid (CH|)|.CH.CO|i- 
* Arresponding with isobutyl alcohol. This behayiour may be explained by thi 
^^termediate formation of isobutylene (CHs)iC=CH|, the conversion of this, 
^ by water absorption, into isobutyl alcohol, and the oxidation of the latter (A. 189 , 
73}. The isobutylene, resulting from isobutyl alcohol and tertiary butyl alcohol, 
by the withdrawal of water can, by the addition of HCIO and reduction of the 
resulting chlorhydrin, be changed to isobutyl^cohol, and by absorption of HI 
may be made to 3deld tertiary butyl iodide, which m turn may be trans¬ 
formed into tertiary alcohol (p. 108). 

The boiling points of the haloid esters of the butyl alcohols will be given with 
those of the alkyl hahdes (p. 134). 

J Amyl Alcohols, C5H11.OH.—Theoretically, j8 isomers are pos¬ 
sible : 4 primary alcohols, 3 secondary, and i tertiary, all of which 
are known. 

The following table contains the formulae and the boiling points of 
the eight aftiyl alcohols. The name amyl alcohol is derived from 
3 /i.i;Xov=starch, because the first-discovered amyl alcohol was observed 
in the fusel oil obtained from potato spirit. 


• 

Name. 

Formula. 

M.P. 

B.P.ygo 

9 * 

X. Normal Amyl Alcohol . . 

CHj.CCH J,CHa OH 


137 * 

a. Isobutyl Carblnol .... 

(CHjIj.CHCHj CII.OH 


I3I* 

3. Aetive 1-Amyl Alcohol. . . 

ch,cS;>ch.ch.oh 


128® 

4. Tertiary Butyl Carbinol . . 

(CHJ,C.CH,OH 

+ 49 * 

112® 

5, Diethyl Carbinol .... 

(CH,CHJ,CIJ.OH 


II6® 

6. Methyl n-Propyl Carbinol 

CH,.CH,.CHp^^-^^ 


118® 

1 

7* Methyl Isopropyl Carbinol ? 

• a 


1 

XI 2 ® 

8. Dimethyl Ethyl Carbinol . • 


0 

H 

1 

xoa’3* 


Three of these eight alcohols contain an asymmetric carbon atom, indicated 
in the formuhe by a star, hence each can have three modifications, two optically 
active and one optically inactive (p* 3^)* which raises the possible number of amyl 
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alcobols to fourteen. On the connection between boiling point and velocity 
Qf reaction, see B. 80 ,2784. 

(1) Normal Amyl Alcohol is most easily prepared from normal amylamine 

which, in turn, is obtained from caproic acid. It is almost insoluble in water, 
and has an odour of fusel oil. . , 

(2) Isobntyl Carbinol, (CH3)\CH.CH2.CH20H, constitutes the 
chief ingredient of the ^myl alc^ol of fermentation obtained from 
fusel oil (p. 114), and occurs as esters of angelic and crotonic acids 
in Roman camomile oil. It may be obtained in a pure condition by 
synthesis from isobutyl alcdhol, which it approaches in structure and 
;with which it occurs in fusel oil: 


CH,OH CH,I 

I 


CH 

A 


>CH 

A 


CH,CN CH,.CO,H CHj.CHO CH,.CH,OH 

I 


>CH 
A‘ 


-^CH 
A 


>CH 

A 


CH 

A 


CH,CH, CH,CH, CH.CHa CHaCHa *CHaCHa CHaCH, 

A simpler S3mthcsis is that from isobutyl magnesium bromide and 
trioxymethylene (Method 6, p. 106) (C. 1904, II. 1599). The so-called 
alcohol of fermentation, b.p. 129-132°. occurs in fusel oil and consists 
mainly of inactive isobutyl carbinol. It possesses a disagreeable 
odour. In addition, 1 -methyl ethyl carbin carbinol is present. It 
rotates the plane of polarization to the left, the activity baing due to 
the presence of active amyl alcohol. 

I 

The difierent solubilities and crystalline forms of the barium salts of the 
two alcohols distinguish them and assist in their separation. From the more 
spariugly soluble salt, which forms in rather large quantity, isobutyl carbizml 
may be obtained {Pasteur). A more complete separation of the alcohols is 
reached by conducting HCl into the miseture ; isobutyl carbinol Will be esterified 
first, the active amyl alcohol remaining unchanged {Le Beh) (A. 220 , 149). A 
more suitable substance for separating the fermentation amyl alcohols by the 
esterification method is nitrophthallic acid (Vol. JI.) {Markwald, B. 34 , 479; 
37 , 1038). Oxidation of isobutyl carbinol gives inactive valeric acid, wlulst 
hmethyl ethyl carbin carbinol yields the active form. When the crude fermenta¬ 
tion alcohol is distilled with zinc chloride, ordinary amylene is the product, which 
consists mainly of (CHa)2C:CH.CH,, resulting from a transposition of isobutyl 
carbinol; it contains, besides, y-amylene and a-amylene (p. 83}. 

(3) Active Amyl Alcohol, yCH.CPljOH, sec.^Butyl Carbinol, Methyl 

CHaCH,'^ 

Ethyl Carbin Carbinol. Of the two active modifications, tlie laevo-rotatory form, 
not yet obtained pure, is the optically active constituent of the fermentation 
alcohol. The proportion of the optically active alcohol in fermentation amyl 
alcohol varies from 13 to 58 per cent., according to the origin of the latter (B. 35, 
1596). Its rotatory power is to]D=—5*9®. The chloride, bromide, iodide, car- 
bamic acid ester, and methyir ethyl acetic acid (see valeric acid) prepared from 
the laevo-carbiuol, are all optically active and indeed dextro-rotatory, whilst the 
corresponding amine (p. 165) is laevo-rotatory (E. 28 , R. 410; 29 , 59). 

The inactive modification < of secondary butyl carbinol can be obtained by 
heating with sodium hydroxide [Le Bel), and also synthetically from secondary 
butyl magnesium bromide and trioxymethylene (p. 106; C. 1906, 1 . 130). Re¬ 
solution by means of a mucor leaves the dextro-scc.-butyl carbinol (B. 15 , 
1506), *• 

(4) Tertiary Butyl Carbinol, (CH2)s.C.CH20H, is formed on reducing the 
chloride of trimethyl acetic acid or pivalic acid (B. 24 , R. 557) with sodium 
amalgam. Nitrous acid converts its amine, in consequence of a remarkable 
rearrangement of atoms, into dimethyl ethyl carbinol (B. 24 , axfix). 
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(5) Diethyl Oarblnol, {CsH5),.CHOH, il formed by the action ot zinc and 
ethyl iodide upon ethyl formate. Since )8~amylene. CtHs.CHiCH.CH^, yiddii 
the iodide of methyl n-propyl carbinol with HI, from which methyl normal 
propyl carbinol isaobtained, the diethyl carbinol can thus be converted into the 
latter alcohol: 


CH, 

1 

CH, 

CH.J 

CH, 

1 

CH, 

1 

CHj 

1 - 

1 

CH, 

—>-1 

CH f .CHI 

HI 

CH.OH 
- 1 

CH.OH 

CHI 

1 

C,H, 

CH 

ClI, 

1 

CH, 

1 

C.H, 

C,H, C,H. 

/S'lsoamyleoe. 

1 

C,H, 


The two methyl propyl carbinols are obtained from methyl-n-propyl ketone 
and methyl isopropyl ketone by reduction with sodium ^amalgam. 

(6) Methyl n-Propyl Carbinol, is resolved by 

Penicillium glaucum (Le Bej) ; the dextro-rotatory modiiication is destroyed, 
and the laivo-rotatory form remains. 

(7) Methyl Isopropyl Carbinol, (CH-)j.CH.('H(OH).CHj„ yields the derivatives 
of tertiary amyl alcohol, apparently with the intermediate formation of amylene, 
(CH,)aC=CHCH3, when acted on by halogen Aids and also PClj : 


CHa CH, 

CH(OIi) 



CH3CH, CllaCHs 


CII, 

1 

CH, 

1 

CH, 

1 

CH, 

—> 1 

—> 1 

CCl 

COH 

A 

A 

CIlgCH, 

CH,CH, 


The true derivatives of methyl isopropyl carbinol are obtained from a-isoamyl- 
ene (CH3)3.CH%CH;CHa (p. by the addition of halogen acids, at ordinary 
temperatures or when warmed. 

(8) Tertiary Amyl Alcohol, Dimethyl Etkyl Carbinol, Amylene 

Hydrate, is a liquid with an odour like that of camphor. It produces sleep, the 
same a» docs chloral hydrate, and is, therefore, produced technically. 

Amyl alcohol of fermentation is employed as the parent substance, which, 
with zinc chloride, yields ordinary amylene, consisting mainly of )8*isoamyIene, 

CH8CH=C<^j^* (p. 185), This is shaken at —20° with sulphuric acid diluted 

with I volume of water, and the solution is boiled with water (A. 190 , 345). 

It is further formed by the action of nitrous acid on the amine of tertiary butyl 
carbinol (U. 24 , 2^g), and from propionyl chloride and zinc methyl. At 200** 
it decomposes into water and ^-isoamylene. 


HIGHER HOMOLOGUES OF THE SATUUATEl^ ALCOHOLS, C„H,„+i.OH 

There are many representatives of the liigher homologiies of the 
alcohols of this series. Fourteen of the seventfien theoretic^y possible 
hexyl alcohols and thirteen of the thirty-eight predicted heptyl alcohols 
have been prepared. The higher we ascend jn the series, the larger 
the number of theoretically possible members and the smaller the 
number of those alcohols which are actually known. Only a few of 
them are noteworthy either from a point of formation, structure, or 
occurrence in the animal or vegetable kingdoms. In the following 
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table will be found the names, lEormulae, melting points, and boiling 
tx)ints mainly of normal alcohols:— 


Name. 

1 Formula. 

t 

L 

H.P. 

1 

1 

B.P. 

n-Hexyl Alcohol. 

Pinacolyl Alcohol . . . ' . 

Sym.-Tetramethyl Ethyl Alcohol . 

(CHa)8C.CH(CH,)OH 

(CH8)aCH.C(CH3)aOH 

0 

-1- 

1 

120® 

119® 

n-Heptyl Alcohol. 

Pentamethyl Ethyl Alcohol 

CHaCCHjl.CHaOH 

(CH3)8C.C(CH8)aOH 

• • 

+17' 

X31* 

n-Octyl Alcohol. 

Cetyl Alcohol or Ethal .... 
Ceryl Alcohol or Cerotin • « 

Melissyl or Alyricyl Alcohol 

CH8.[CHa]a.CH,OH 

CH,[CHJi 4 .CHjOH 

CjjHja.OH 

CaoH.j.OH 

• . 

+495° 

79° 

85° 

199* 

340“ 

1 * * 

• 

1 


n-Hexyl Alcohol occurs as acetic and butyric esters in the oil of the seed of 
Heracleum giganteum (A. 163 , 193) • 

Pinacolyl Alcohol has a camphor-like odour. It results from the reduction of 
pmacolin (q,v.) or tert.-butyl methyl ketone, (CHJj.C.CO.CHj. (See B. 26 , 
R. 14; C. 1901, II. 1157; coDap. Tetramethyl Ethylene.) The isomeric sym,- 
Tetramethyl Ethyl Alcohol is prepared from acetone and isopropyl magnesium 
bromide. It decomposes when heated with dilute sulphuric acid into H^O and 
tetramethyl ethylene (C. 1906, II. 1718). 

n^Heptyl Alcohol has been prepared from oenanthol (7.V.) by reduction, and 
from n-heptane (A. 161 , 278). Pentamethyl Ethyl Alcohol has been obtained by 
various syntheses by means of magnesium-organic compounds (C. 1906, II. 1718), 

n-Octyl Alcohol, C,Hi70H, occurs as acetic ester in the volatile\>il of Heracleum 
$pondyltum, as butyric ester in the oil of Pastinaca sidiva, and in the oil of Hera~ 
fiteum giganteum (A. 185 ,26). It has been obtained artificially by several methods, 
amongst others by the reduction of caprylic ester by sodium and alcohol (Method 
4a, p. 104). 

Cetyl Alcohol, Hezadecyl Alcohol, Ethal, is a white* 

crystalline mass. It was prepared in 1818 by Chevreul from the 
cetyl ester of palmitic acid, the chief ingredient of spermaceti {see 
palmitic acid), by saponification with alcoholic potassium hydroxide: 

^M***'°>0+KOH-C„H„.OH+Ci,H„COOK. 

Cetyl Potaasium 

Alcohol. Palmltate. 

When fused with pctassium hydroxide, it yields palmitic add 

(p. 109I: » 

Ci,Ha|CH,9H-HKOH-C„H!«COOK+2H.. 

Oeiyl Alcohol, Cerotin, C^aHgs.OH, as c^l cerotic ester, 

(B, 80 , 14x8), constitutes Chinese wax. It is obtained by melting the lattn 
with potassium hydroxidt, the prolonged action of which produces cerotic 
acid. 

Mellssyl Alcohol, Myricyl Alcohol, CtoHtj.OH, .occurs as myricyl palmitato 
in beeswax, from which it is isolated in the same manner as the preceding coa^ 
n'lmd. Chloride, m.p. 64**; iodide, m.p. 69' 5 *- Myricyl iodide and metallic 
give He»aoMane, Cioll,,,, or Dimyricyf (p» 76). 
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B. UNSATURATED ALCOHOLS 


I. OLEFINE ALCOHOLS, C„Hg,_i.OH 

These are derived from the unsflurated alkylenes, CnH^, in the 
same manner as the normal alcoho/l are obtained from their hydro¬ 
carbons. In addition to the general character’of alcohols, they possess 
the property of the olefines to form addition compounds. 

TTie chief representative of the class is allyl alcohol, CH2=s 
CHCH2OH. When oxidized by potassium permanganate, the double 
linkage of the allyl alcohols is severed, and trihydric ^cohols—glycerols" 
—result (B. 21 , 3347 )* 

z. Vinyl Alcohdl, Vinol^ CH,:CH.OH, separates as 4 mercury oxychloride 
compound, C^HgOiHgaCli, from ethyl ether—a smsdl quantity of which is always 
retained—on the addition to it of an alkaline mercury monoxychloride solution 
{Poleck and Thummelt B. 22 , 2863). It is produced simultaneously with hydrogen 
peroxide when ether is oxidized with atmospheric oxygen. It cannot be separated 
from its mercury derivative because all reactions by which it should be pro¬ 
duced yield the isomeric acetaldehyde, CH,.CHO (p. 37), It seems to be the 
univer^ rule that the atomic grouping ssC:CH.OH, m the act of formation, is 
transposed into=CH.CHO (Erlenmeyer, Sr,, B. 13 , 309; 14 , 320); however, 
there are stable compounds in which the groupings=C=CHOH and=C=C(OH)R 
(see Hydroxy-methylene Ketone, p. 343) are present. 

The haloid esters of vinyl alcohol are to be considered as being the mono¬ 
halogen substitution products of ethylene (p. 07). Vinyl ether, vinyl ethyl 
ether, vinyl sulphide, vinyl or ethylene sulphuric acids,* are known (p. 147). 
The radicsd vinyl is present in neunne, so important physiologically, and also in 
vegetable alkaloids (q.v.). 

2. Allyl Alcohol [Propenol-^], C3H5.OH = CH2 : CH.CH2.OH.— 
Solidifies —50*^, b.p. 96-97®, D20 = 0-8540. Allyl compounds occur in 
the vegetable kingdom: allyl sulphide and diallyl trisulpliide (C. 1892, 
If- 833), in <m 1 of garlic, and ^lyl thiocyanate, CsH6N=C=S,* in 
oil of mustard. It may be prepared (i) by heating allyl iodide—^which 
is easily prepared from glycerol—to 100® with 20 parts water ; (2) it 
is produced, qlso, >Vhen nascent hydrogen acts on acrolein, 
CH2:CH.C0H, and (3) sodium on dichlorhydrin, CHgCLCHCLCHgOH 
(B. 24 , 2670). (4) It is best obtained from glycerol by heating the 
latter with formic, or oxalic acid (A. 167 , 222), 

/ In this reaction the oxalic acid at first breaks down into carbon dioxide and 
formic acid, which forms an ester with the glycerol; this then decomposes mto 
allyl alcohol, carbon dioxide, and water: . 


CH,.O.CHO CHg 

I 


CH.OH 
.OH 




CH 


4-CO,-hHtO. 


CHj.OH 


Allyl alcohol is a mobile liquid with a pungent odour; it is miscible 
with water, and bums with a bright flame. 

It 3aeld5 acrolein and acrylic acid when oxidized with silver oxide, 
and omy formic acid (no acetic) with chromic acid. Glycerol results 
when potassium permanganate is the oxidant (B. 21, 335 ^)* Nascent 
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hydrogen attacks it with difficulty, as seems to be indicated by its 
^ formation from acrolein. Boiling with zinc and sulphuric acid (B. 7 , 
856), liowever, or with aluminium and potassium hydroxide solution 
(C. 1899, II. 181) causes the formation of a small quantity of ri-propyl 
alcohol; reduction with sodium;>mmonium yields propylene (C. 1906, 
II. 670). Chlorine acts partlyv as an oxidizing, and partly as an 
additive reagent, giving rise acrolein and (hchlorhydrin (B. 24 , 
2670). When heated to 150® with potassium hydroxide, formic acid, 
n-propyl alcohol, and other products are formed. 

Allyl alcohol, when heated with mineral acids, yields propionic 
. aldehyde and methyl ethyl acrolein (B. 20 , R, 699). 

Mercuric salts form compounds with it, which dissolve with difficulty (B. 88, 
2692). 

Halogen-substituted Allyl Alcohols have been obtained from a- and ) 3 -dichloro> 
propylene and ^-dibromopropylcne. 

a-Chlorallyl Alcohol, CHj=CCl.CftaOH, b.p. 136®, 

) 3 -Chlorallyl Alcohol, CHCl==CH.CH,OH. b.p, 153". 
o-Bromallyl Alcohol, CHj=CBr.CH20H, b.p. 152®. 

Sulphuric acid, acting on a-chlorallyl alcohol, produces acetone-alcohol {q,v.), 
and with a-bromallyl alcohol yields propargyl alcohol (see p. 123). a-Brom- 
allyl alcohol may be prepared from allyl alcohol by a series of reactions, shown in 
the following diagram ;— 


CH,OH CH,Br 

CH,Br 

1 

CH,Br 

CHjOCOCH, 

1 

CH,OH 

TH V TH 

1 

-VCRr 

1 

rPr 

-V ('Br 

II II 

1 

II 

I! 

11 

CH, CH, 

CH,Br 

CH, 

CH, 

CH, ^ 


3. p-Allyl Alcohol, CH|=C(OH).CH3, is only known in the form of its ether 
(p. 129). Sodium B-allyl Alcoholate is produced by the action of,metallic sodium 
upon acetone (A. 278 , 116), diluted with anyhdrous ether. ' 

4. Crotonyl Alcohol, CH,.CH:CH.CH20H, b.p. 117-120®, is obtained from 
crotonaldehyde, CHj.CHiCH.CHO, by means of nascent hydrogen. 

rThe Higher Olefine Alcohols are synthetically prepared by means of tha zinc 
and magnesium organic compounds (p. 106) : ([) from olehne aldehydes and 
zinc alkyls or magnesium alkyl halides; or (2) from aldehydes or ketones with 
zinc and allyl iodide (B. 17 , R. 316; 27 , 2434; A. 186 , 151, 175; 196 , 109; 
J, pr. Ch. [2] 30 , 399 ; C. 1901, I. 668, 997 ; II. 622 J I9<^, I. 96). (3) Many ’ 

aldehydes and ketones, when boiled with acid chlorides, especially benzoyl chloride, 
yield the benzoic ester of the olefine alcohols, isomeric with the ketones, e.g. 
CsHii.CHiCHO.COCfHg from oenanthic aldehyde (p. 201 Jand benzoyl chloride ; 
C9 HioC(:CH 2)O.COC4U9 from methyl nonyl ketone and vaJe.yl chloride (C. 1913, 

I. 71). (4) a8-olcfiue carboxylic esters are reduced by sodium and alcohol 

to saturated alcohols (sec '4a, p. lO/^); on the other hand, carboxylic esters con¬ 
taining a remote olefine group, as in the case of allyl acetic acid, oleic acid, 
undecylic acid ester, etc., yicl(l the corresponding olefine alcohols when similarly 
reduced (C. 1903, I. 25 ; II. 1700). 

2, 4.Pentenol. CH,.CH=CH.CH(OH)CH,. 

Dimethyl AUyl CarlKnol, CH,«CH.CH,C(CH,) 80 H. b.p. 119*5®. Diethyl 
Allyl Carbinol, b.p, 156®. Methyl Propyl AllyrCarbinol, b.p. 159-160®. 

i,ii-I/wrf«:y/«KoICH,:OHtCHJ,CH,OH.b.p.i*i33®andOAfic^/coA<?/ 
b.p.]s 207®, are obtained from undecylenic ester and oleic ester by reduction. 

UNSATUkATED ALCOHOLS. C„Ha,_s.OH 

To this class belong: 

Alcohols containing a pair of trebly linked carbon atoms, and alcohols which 
contain two paurs of doubly linked carbon atoms. Propargyl alcohol is the only 
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well-known member of the acetylene series, wAereas various alcohols, derived from 
diolefines, have not only been synthetically prepared, but have also been discovered 
in e&ereal oils. 


2 . ACETYLENE ALCOHOLS 

Propargyl Alcohol {PropinoU^i], CH : C.CH,OH, b.p. 114^0,5 = 0*9715.—Thi> 
alcohol was obtained by Henry in 1872 (B. i, 569 ; 8 , 389) upon treating a-brom- 
allyl alcohol (see p. 124) with potassiuni hydroxide. It is a mobile, agree¬ 
able smelling liquid. Like acetylene, it forms an explosive silver compound, 
C,Hj|(OH)Ag, white in colour. The copper salt (CjHjOHjjCu, is a yellow 
precipitate. t 

Homologous acetylene alcohols result from the action of sodium compounds 
of the alkyl acetylenes on trioxymethylene or another aldehyde (C. z 902, 1 . 629) : 

RC : CNa-l-R'.CHO = RC i CCH (ONa) R'. ' 

Amyl Propiolic filcohol, CH,[CHa]4C^C.CHjOH, b.p.j, 98®, 


3. diOLEFINE ALCOHOLS 

Higher alcohols, in which the double union of carbon atoms occurs twice, 
are synthetically produced by the action of zipc and allyl iodide on esters of 
formic acid and acetic acid (A. 197 , 70). Dialiyl Carbinol (CHjiCH.CHjjjCHOH, 
b.p. 151®. Dialiyl Methyl {CH2:CH.CHj)j, C(CHs)OH, b.p. 158“. Dialiyl 

Ethyl Carbinol (CH8:CH.CH2)aC(C2Hj)OH, b.p. 175®. Dialiyl Propyl Carbinol 
(CH,:CH.CH,)2(C3H7)011, b.p. 194° (C. 1901. I. 997)- 

Diolefine alcohols, which can be converted into terpencs, are of great theoretical 
interest; such are geraniol or rhodinol, and linalool. They will be discussed under 
the olefinic terpene or terpenogen group (Vol. II.). 


ALCOHOL OEEIVATIVES 

I. SIMPLE AND MIXED ETHERS 


^tilers are the oxides of the alcohol radicals. If the alcohols «re 
compared \vitlT basic hydroxides, then tlie ethers are analogous to the 
metallic oxides. They may be considered also as anhydrides of the 
alcohols, formed by the elimination of water from two molecules of 
alcohol: 


CiHg.OH _2j Q_ CjHg- Q 

C.H^.OH 


Ethers containing two similar alcohol radicals are termed simple 
ethers * those with different radicals, mixed ethers: 

c:h:>o 

Ethyl Ether, or Mctliyl rUhyl 

Diethyl Ether. Ether. 

The metamerism of ethersximong themselves is dependent upon the 
homology of the alcohol radicals, which aife mnited by the oxygen 
atom (p. 26), 

We must make a distinction between the above and the so-called 
compound ethers or esters, in which both an Alcohol radical and an 
acid radical are present—: 


c‘g^>0 Ethyl Acetic Ester; and 
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The properties of these subs'canccs are entirely different from those 
of the alcohol ethers, and in the following pages they wUl alwa}rs be 
termed esters. 

The following are the more important methods^of preparing the 
ethers: * i 

1. The chief method of for^jation consists of the interaction of 
sulphuric acid and alcohols. Alk^l sulphuric acids result at first, but 
on further heating with alcohols these are converted into ethers. This 
procedure affords a means of obtaining both simple and mixed ethers 
]^iUiamson, Chancel ): 

Bthyl Sulphuric Diethyl 

Acid. Bther. 

H.SO*. 

Methyl Sulphuric Methyl Ethyl 

Acid. Ether. 

When a mixture of two alcohols reacts with sulphuric acid, three ethers 
are simultaneously formed ; two are simple and one is a mixed ether. Sub¬ 
sidiary reactions give rise to the production of .sulphones and sulphonic acids 
(C. 1897, II. 340; 1899,11. 30). Other polybasic acids, such as phosphoric, arsenic, 
and boric, behave like sulphuric acid. This is also true of hydrochloric acid 
at 170®, and sulpho-acids— e.g. benzene sulphonic acid, at 145® {F. Krafft, B. 26 , 
2829). In this reaction ethyl benzene sulphonic ester is produced and breaks 
down according to the equations: 

C,H,SO,H -fCjH.OH=C,H,SO,C,H,+H, 0 . 

C,H,S0,C,H,+C,H,0H-C4H5S0,H + (C,H*),0. 

The dialkyl sulphates are converted by alcohols into ethers and alkyl sulphuric 
acids much more quickly than the alkyl sulphuric acids (C. 1907, I. 702). 

2. The action of the alkylogens on the sodium alcoholates in 

alcoholic solution produces mixed ethers. • 

u 

C,H,.ONa +C,H,a=^« 5‘>0 +Naa. 

C,H,.ONa+C,H,C 1 » 5 ‘> 0 +NaCl. 

Consult B. 22 , R. 381, 637, upon the velocity of these reactions. 

3. Halogen-substituted ethers yield homologous ethers on reaction 
with zinc or magnesium organic compounds, e.g. bromomethyl amyl 
ether (p. 186) and ethyl magnesium bromide yield amyl propyl ether 
(C. 1904, I. 1195): 

C,H„OCH,Br+BrMgC,H,-Cjp,iOC,H,+MgBr,. 

4. Action of the alkylogens on metallic oxides, especially silver 
oxide: 

2 C,H,I+Ag, 0 =(C,H,), 0 + 2 AgI 

indicates the constitution of the ethers. 

Properties. —Ethers are neutral, volatile (hence the name oWvP? 
air) bodies, nearly insoluble in water. The lowest members are gases; 
the next higher are liquids, and the highest— e.g, cetyl ether—are 
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solids. Their boiling points are ver^ much lower than those of the 
corresponding alcohols (A, 248, i). i 

RgacHons. —Chlmically, ethers are very indifferent, because all the hydrogen 
is attached to carbon. 

(xl V/hen oxidized they yield the samfj products as their alcohols. 

121 They yield ethereal salts when hea zed with concentrated sulphuric acid. 

(3) Phosphorus chloride converts ther I into alkyl chlorides: 

+PC 1 , =C,H,a+CH,Cl+POCl,. 

(4) The same occurs when they are heated v^ith the haloid acids, especially 
with HI at 100® (C. 1897, II. 408 ; 1901* H. 679): 

+2HI =C,H,I +CH,I+H, 0 . 

In the cold the effect of the HI is to cause decomposition into alcohol and 
iodide, and in the case of mixed methyl alkyl ethers the production of methyl 
iodide and alkyl alcohol predominates. If the alkyl group is a tertiary one, the 
iodo>tert'alkyl mainly is produced; but in other cases a mixture of the two 
possible iodides and alcohols results (B. 39 , 2569). 

*>0+H 1 =CH,I +'C,H.OH. 

(5) Many ethers, especially those containing secondary and tertiaxy, or un¬ 
saturated (£dlyl) groups, are broken down into alcohols when heated with water 
or very dilute sulphuric <acid at 150® {B. 10 , 1903) ; e g- vinyl ethyl ether decom¬ 
poses into alcohol and aldehyde (B. 39 ,1410 footnote). 

(6) Ether combines with many substances to form addition compounds, as, 
for example, with magnesium or zinc iodide, magnesium alkyl halides (p. 185) 
producing tidies of the type zRjO.Mglg, RaO.MgIR', etc. This is due to the 
presence of a tetravalent oxonium oxygen atom {Baeyer and Villiger, B. 34 , 2688). 

With benzoyl chloride (Vol IT.) the ether magnesium iodide breaks up into 
ethyl iodide, et^yl benzoate and MgCl, (C. 1905, 1 . 1082; B. 38 , 3005): 

2(C,H,j,O.MgI,+2C,Il,COCl=2C,H,I+2CaHjCO.OC,H5H-MgCl,. 


4. etAers of the saturated or paraffin alcohols 

Methyl Ether, (CH9)|0, is prepared by heating methyl alcohol with sulphuric 
acid (B. 7 , 699). It is sen agreeable-smelling gas, which may be condensed to a 
liquid at about —23^. Water dissolves 37 volumes and sulphuric acid upwards 
of 600 volumes of the gas. 

Chlorine converts methyl ether into chloromethyl ether, sym.-dichloromcthyl 
ether, and perchlorpmethyl ether which partially decomposes on boiling. 3 he 
first two are formaldehyde derivatives, and, together with the corresponding 
bromo- and iodo-compounds, will be treated after formaldehyde. 

Ethyl Ether or Ether, (C2H6)20, m.p. -tII 3° (B. 88,638), b.p.35°. 
Do — 0*736, is by far the most important repiesentative of this class of 
compounds. It has been known for a long tinw. 

History. —Eth)^ ether and its production from slcqhol and sulphuric acid were 
known and described by Valerius Cordus, a German physician, in the six¬ 
teenth century. Until the beginning of the present century ether was regarded 
as a sulphur-containing body ; hence, to distinguish it from other ethereal com¬ 
pounds, it was called sulphur-ether. The ether proccA, in which a comparatively 
small quantity of sulphuric acid was capable of converting a large quantity 
of alcohol into ether, was ificluded in the category of catalytic reactions. The 
explanation of this process constitutes one of ue most important advances In 
organic chemistry. 
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• In 1842, Gerhardi, from purely theoretical reasons and in opposition to Liebig, 
^concluded that the ether molecule did not contain the same number of carbon 
atoms as were present in the alcohol molecule, but twice that number.. He 
was unable to gain general acceptance for this view. Williamson, in 1850; 
by a new synthesis of ether, proved the correctness of Gerhardt’s conception, 
not only for it, but for ethers in general: he caused reaction to take place between 
sodium ethoxide and ethyl iodide (p. ^ 0 ). The formation of ether from alcohol 
and sulphuric acid Williamson explaiVed by a continuous breaking-down and 
re-formation of ethyl sulphijric acid, niade possible by the contact of alcohol 
with the acid at 140*^ (A. 77 , 37; 81 , 73 )- 

Chancel, who preceded Williamson in publication, had made ether inde¬ 
pendently of the latter, by heading a mixture of potassium ethyl sulphate and 
potassium ethoxide: 

S04C.H,^pJC.H.^S0^jK^0jC.H. 

The objection that ether, because of its low boiling temperature, could not 
contain the double nun^ber of carbon atoms in its molecule. Chancel removed 
by citing the boiling point of ethyl acetic ester [Laurent and Gerhardt, Cr. 1850, 
6,369). 

Ethyl Alcohol . , , . CjHjOH , • . . b.p. 78®. 

Ether. .... b.p. 35®. 

Acetic Acid .... CHsCOjH . • . b.p. 118®. 

Ethyl Acetic Ester . CH3COjCaH5 . • . b.p. 77®. 


Thus it was proved that ethyl alcohol and ether were bodies belonging to the 
water type (p. 10)— i.e, they might be regarded as water in which one and two 
hydrogen atoms were replaced by ethyl: 




C,H 

CjH 




Preparaiion, —Ether is made (i) from ethyl alcohol and sulphuric 
acid heated to 140®. The process is continuous. (2) From benzene 
sulphonic acid and alcohol at 135-145° (B. 26 , 2829). 

The advantage in the second method is that the ether is not cor/t.aminated with 
sulphur dioxide, which in the first method has to be removed from the crude 
product by washing with a soda solution. Anhydrous ether may be obtained by 
distilling ordinary ether over quicklime, and drying it finally with sodium wire 
(see aceto acetic ester) until there is no further evolution of hydrogen. 

7 'est for Water and Alcohol ,—When ether containing water is shaken with an 
equal volume of CSj, a turbidity results. When alcoliol is present, the ether, 
on shaking with aniline violet, is coloured; anhydrous ether does not acquire 
a colour when similarly treated. 

Properties, —Ethyl ether is a mobile liquid with peculiar odour. 
It dissolves in 10 parts of water and is miscible with alcohol. Nearly 
all the carbon compounds insoluble in water, such as the fats and resins, 
are soluble in ether. It is extremely inflammable, burning witli a 
luminous flame. Its vapour forms a very explosive mixture with air. 
When inhaled, ether vapour brings about unconsciousness, a property 
discovered in 1842 by Charles Jackson, of Boston,* and has been 
used in surgery since Morion's employtment of it in 1846. Hoff¬ 
mann's Anodyne, Spirit^ts^/Aeihereus (so named after the great Halle 
clinician, who died in 1742) is a mixture of 3 parts alcohol and i part 
ether. 

Ether unites with bromine to form peculiar, crystalline addition products 
somewhat like the so-called bromine hydrate: it combines, too, with water, 
metallic salts, hydrofcrrocyanic acid, etc. (see abovb, p. 127). 

^ * Der Aether gegen den Schmerz, von Bins, Bonn, 1896. 
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ReacUons ,—For the action of air on etlier. see vinyl alcohol (p. 123). Slow 
combustion leads to the formation of diformaldehyde peroxide hydrate. Hydro--* 
gen peroxide is produced when oxygen acts on moist ether (B. 29 , R. 840; 88» 
X409). When heated with water and sulphuric acid to 180*, ethyl alcohol resultb* 
When ozone is conducted into anhydrous ether, an explosive peroxide is formed. 
Chlorine, acting on cooled ether, produces (A. 279 , 301); 

Monochlorether, CHa.CHCl.O.CjHj, b.p. 98®. 

1,2-Dichlorether, CH,Cl.CHC 1 . 0 .CjH I b.p. 145®. 

Trichlotether, (ClJCla.CHCl.O.CjHj, b.p. 170-175® (C. 1904, I. 920). 

Perchlorether, ^ {^1015)30, m.p. 68®, breaks down on distillation 

into CsCla and trichloracetyl chloride, CgCIgO.Cl. The a-halogen substituted 
ethers are closely connected with the tildchydc aiteoholates (p. 204). 

2-CA/oro-, Bforno-, lodo-ethyl Ethers are the ethers of glycol chloro-, bromo-, 
and iodo-hydrins—s.g. CHaCl.CHjO.Cglfg. 1 » ’ ^ 

sym.-Dichlovether, CHg.CHCI.O.CHCl.CHs, b.p. 116®, is produced bytheaction 
of hydrochloric acid on ^dehyde. 

sym.~Di~iodoet}ier (I.CHj.CHJjO. (Sec Glycol Halogen Ester.) 

The following table contains the melting and boiling points of the better known 
simple and mixed ethers:— ^ 

Ethyl Methyl Ether . b.p, n® n-Propyl M ethyl Ether . , b.p. 37® 

Methyl tert^-Butyl Ether b.p. 54® Methyl isopropyl Ether . . b.p. 32® 

n-Propyl Ether . . . b.p. go® Isopropyl Ether .... b.p. 70® 

Ethyl tert.-Butyl Ether. b.p. 70® Isopnfpyi tert.-Butyl Ether . b.p. 75® 

Isoamyl Ether .... b.p. 160® CWy//:^A^>'(CieH38)gO,m.p.55®b.p.30o® 
The majority of these ethers arc produced by the interaction of alkyl halides 
and sodium alcoholates (C. 1903, 1 .1 rg; i 9 <^ 4 * 1 - 1^565); n-propyl ether is formed 
from n-propyl alcohol and ferric chloride, at 145-155® (C. 1904, II. 18). Methyl 
Xerl.-'Amyl Ether, (OH3)2C(OCll,,).ClIaCiJ3, b.p. 80 °, is prepared from trimethyl 
ethylene by heating it with methyl alcohol and iodomclhane (C. 1907, I. 1125). 


B. ETHERS OF UNSATUUATF.D ALCOHOLS 

It was explained, when discussing the unsaturated alcohols (p. 123), that the 
members of that scries in which hydroxyl was combined with a doubly linked 
carbon atom rc'adily rearranged themselves into aldehydes or ketones, and were 
only known in their derivatives, especially as ethers. 'Xhus: 

I. Vinyl Ether, (CH3—CH)20, b.p. 39°, may be obtained from vinyl sulphide 
(p. 143) and silver oxide. 2. Perchlorovinyl Ether, Chloroxethose (CClj=CCl), 0 , 
is formed froift perchlorcthyl ether ( ibovc) and KgS. 3. Vinyl Ethyl Et^r, 
b.p. 35‘5*^, results from the interaction of iodoetliyl ether and sodium ethoxide; 
also from acetal by PtOj and quinoline (B. 31 , 1021). 4. Isopropenyl Ethyl Ether, 
CH3C(0C3H5) —CH„, b.p; 62-03®, is formed from propenyl bromide and alcoholic 
potassium hydroxide, and from ethoxycrotonic acid ( 13 . 29 , 1005). Also, the 
homologues of /S-alkoxyacrylic acid easily p.irt with COj and yield the homologues 
of alkoxyethylene ether, R(L(OCaH5) :CHR'; they all yield ketones and alcoho 
when hydrolized with dilute acids (C. 1904, I. 719 ; U. 39 ,1410 footnote). 

Ethers of allyl alcohol and propargyl alcohol arc known: Allyl Ether, 
(CH,=CH.CHa)aO, b.p. 85®: Propargyl Ethyl Ether, CH C.CHj.O.Clij.CH*, 
b.p. 80®. (See Jithyl Propiolic Kster.) 


ALKYL HYDROGEN AND DIALKYf. PEROXIDES 

The alkyl hydrogen peroxides and the dialkyl peroxid ifS stand in the same rela¬ 
tion to hydrogen peroxide, as the fionohydnc alcohols and the ethers do to water: 


HO C3H5O • • CjHjO 

I . I I 

HO HO CgH^O 

Hydrogen Ethyl Hydrogen Diethyl 

Peroxide. Peroxiilc. * Feroxule. 

Since hydrogen peroxide behaves like a weak acid, the mono- and di-sub- 
stituted compounds can be looked n pon as the mono- and di-alkyl esters of acid. 
Ethyl hydrogen peroxide and diethyl peroxide are the only members which have 
been closely studied. They result from the interaction of diethyl sulphate and 
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a 13 per cent, solution of hydrogen p^oxide, and the subsequent slow addition 
'hi potassium hydroxide solution during continuous shaking. An excess of hydrogen 
peroxide favours the production of ethyl hydrogen peroxide {Baeyer and ViUiger, 
B. 84 , 738). 

Ethyl Hydrogen Peroxide, CjHgO.OH, b.p.ioo 26-47®, is a colourless liquid, 
which can be distilled without decomposition, under reduced pressure. It is 
miscible with water, alcohol, and ether, itnd can be separated out from its aqueous 
solution by the addition of ammonium^ulphate and potassium carbonate. Its 
odour is that of bleaching powder and acetaldehyde together. A drop of the con¬ 
centrated solution on the skin causes inflammation. When rapidly heated, 
it detonates, and a strong explosion occurs when it is brought into contact with 
very finely divided silver. Acyl derivatives of hydrogen peroxide result from 
interaction with carboxylic anhydrides. Tertiary bases are oxidized to amin- 
oxides. , 

Barium salt, (CjHjOCf) jBa+2HjO, is formed by dissolving barium hydroxide in 
an aqueous solution of ethyl hydrogen peroxide. It crystallizes as a leafy mass. 

Diethyl Peroxide. CII^CHj.O.O.CHaCHa, b.p. 65®. Dj® - 0-8273. It is slightly 
soluble in water, but soluble in gilcohol and ether. On contact with a thermometer 
heated to 250° it burns rapidly but without noise. If the liquid, in a COj atmo- 
.sphcrc, is approached by a heated copper wire which is then removed, it disappears 
very quickly without generation of light or boiling ; this phenomenon is looked on 
as being a slow explosion. The products of combustion consist of formaldehyde 
and CO, together with some ethane. 


2. ESTERS OF THE MINERAL ACIDS 


If we compare the alcohols with the metallic bases, the esters or 
compound ethers (p. 126) are perfectly analogous in constitution to 
the salts. Just as salts result from the union of metallic hydroxides 
with acids, so esters arc formed by the combination of alcohols with 
acids, water being formed in both reactions : 

NaOH -f HCl = NaCl -f - H gO. 

CaHjOH+HCl^^CjHgCl+HgO. 

The haloid esters correspond to the haloid salts ; they may also be 
regal-ded as monohalogen substitution products of the hydrocarbpns 
(p. 193). Corresponding with the oxygen salts arc the esters of other 
acids, which, therefore, may be vicw'ed as derivatives of the alcohols, 
in which the alcohol-hydrogen has been replaced by acid radicals, or as 
derivatives of the acids, in wliicli the hydrogen replaceable by metals 
has been substituted by alcohol radicals. The haloid esters would be 
included in the last definition of esters. The various definitions of 
esters as derivatives of the acids, and again as derivatives of the alcohols, 
find expression in the different designations of the esters : 


CjHj.O.NOa or NOj.O.CjHg. 

Ethyl Nittatc. Nitric Ethyl Ester. 

In polybasic acids aeil the hydrogen atoms can be replaced by 
alcoholic radicals, whereby neutral esters are produced. When all 
the hydrogen atoms are ijpt replaced by ^alcoholic radicals, acid esters 
are formed, which still^possess the acid character. They form salts, 
hence are termed ester acids, and correspond with acid salts : 


Neutral Potassium Sulphate 

so«<o:c1h| 

Sulphuric Ethyl Ester. 


SO.<gJ^ 

Acid Potassium Sulphate. 

SO.<gH*"‘ 

Ethyl Sulphuric Add. 



ALKYL ESTERS OF THE HALOGEN ACIDS 131 

Dibasic acids form two series of s^ts, and also of esters, whilst witlj 
tribasic acids there are three series of salts and of esters. 

In the case of ^he polyhydric alcohols there are, besides the neutral esters, also 
basic esters, corresponding with the basic salts, in which not all of the hydroxyl 
groups were estcrified. 

% 

Formation of Esters. —(i) The Isters can be prepared by direct 
combination of alcohols and acids, when water is also produced: 

CjH5.0H+N02.0H==C,Hb.0.N0,+H,0. 

This reaction, however, only takes place gritdually, progressing with time; 
it is accelerated by heat, but is never complete, free alcohol and acid remain 
uncombined together with the ester, and they d*# not ree^t any further upon eaefi 
other. If the ester be removed— e.g. by distillation — from the mixture, as it 
is formed, an almost perfect reaction may be attained, ' 

When acted on by alcohols, the polybasic acids mostly yield the 
primary esters, the ester*; or ctlier-acids. 

There arc two synthetic metliods of producing the esters which 
favour tlie views of considering them derivatives of alcohols or acids. 
These are: » 

(2) By reacting on the acids (their silver or alkali salts) with 
alkylogens: 

NOa.O.Ag+C.HJ-NOa.O.CaHs+Agl. 

(3) By acting on the alcohols or metallic alcoholates with acid 
chlorides: 

2C,h..oh i-so,a,=so,<°'^»^»+2HCi. 

3C,H,.0H + BCl,=B(O.C,H,), ‘ +3HCI. 

Properties. —The neutral esters arc insoluble, or soluble with 
difficulty in water, and almost all arc volatile ; therefore the determina¬ 
tion of their vapour density is a convenient means of establishing the 
molecular magnitude and also the basicity of the acids. The oster 
acids are not«/olatile, but arc soluble in water and yield salts with the 
bases. ' 

All esters, and especially the ester-acids, are decomposed into 
alcohols and acids (p. 104) when heated with water. Sodium and 
potassium hydroxides, in aqueous or alcoholic solution, accomplish 
this wth great readiness when heated. This process is termed saponi¬ 
fication, because the soaps — i,e, the potassium and sodium salts of the 
l)igher fatty acids (q.v.) —are obtained by this reaction from the fats, 
the glycerol esters: 

NOa.O.C,H,+KOH=CjH 40 H,+NO,OK. 

A more general term is hydrolysis ; both words, '•nfortunately, have become 
almost equivalent.—(T r.) a 

e 

• •» 

A. I. ALKYL ESTERS OF THE HALOGEN ACIDS, HALOGEN ESTERS OF 
THE SATURATED ALCOHOLS, HALOGEN ALKYLS 

It was pointed out under the halogen substitution products of the 
paraffins and the unsatur^ited acyclic hydrocarbons that the mono- 
Aa/ogm substitution products, or alkylogens, were mostly prepared from 
the alcohols. This intimate connection with the alcohols is the reason 



132 ORGANIC CHEMISTRY 

I » 

the assumption of the alkylogens as esters of the haloid adds. As 
haloid esters of the alcohols they range themselves with the alkyl 
esters of the inorganic oxygen acids. , 

The view that the halogen cierivatives CnH^n+iX are paraffin substitution 
products is expressed in the names rnonochloro-methane. monochloro-ethane, 
etc., whilst the designation methyl chl<kide, ethyl chloride, etc., for the mono¬ 
halogen substitution derivatives of metnane and ethane, mark these substances 
as h^oid esters of the alcohols, corresponding with the metallic halides. The former 
mode of expression is, however, preferable, and will in the main be adopted here 
except in certain cases for dcflniie reasons, because there is little in the properties 
of, say, methyl chloride to connect it with the chlorides as usually understood. 

■* Formation of Alkylogens .—(i)^ 5 y the substitution of the paraffins. The con¬ 
ditions favouring the substitution of the hydrogen atoms of &e paraffins by 
halogen atoms have been mentioned under the general methods for the prepara¬ 
tion of halogen substitution products. The substitution reaction is not weU 
adapted for the preparafion of alkylogens, because mixtures o¥ compounds are 
invariably produced, and amdng the higher members of the series isomers 
are formed. This is because the chlorine replaces the hydrogen both of terminal 
and intermediate carbon atoms (B. 39 , 2153). Thus normal pentane. 

CH,.CH,.CH,.CH,.CH8 yields CHa CHj.CHCl.CHj.CHa and 

« CHj.CHj.CHj.CHCl.CH,, 

CIl3CH8CH,CH8CH,Cl. 

and such mixtures are separated with great difficulty. 

(2) By the addition of halogen acids to the olefines. —In this addition, which 
occurs with especial ease with hydriodic .icid. it is interesting to note that the 
halogen atom attaches itself to the carbon atom carrying the least number of 
hydrogen atoms (p. 184): 

HI 

CH3-CH=CH,- ^ CHjXHI.CH,. 

CH:>C=CH. ——> 

In the case of propylene and hydriodic acid, some iodo-n-propane is also 
formed {M%chael, B. 39 , 2138). 


(y) From alcohols by the action of halogen acids ,—This reaction 
is not complete unless the halogen acid is used in great dxcess^, or Ihe 
water formed at the same time with the alkylogen is absorbed. Hence 
in the case of methyl and ethyl alcohol an addition of zinc chloride 
or sulphuric acid is advantageous (sec mono chloro i&cthane, p. 135). 
Tertiary alcohols are specially easily converted into chlorides by 
hydrochloric acid. 

^'■“This addition is a disadvantage in the case of the higher alcohols, 
because olefines are first produced, and to these the halogen acid 
becomes added in such a manner that an isomer of the desired alkylo¬ 
gen is obtained (p. 84). Hence alkyl iodides can be prepared from 
polyhydric alcohols (comp. Isopropyl Iodide, p. 136): 


C8H4(bH),+ 3HI=C,H,I 4 - I,+2H,0. 
C,H8(0H),+ 5HI=C,H,I ^2l,+3ll,0. 
C,H,(Oinr+ yHI^C^H^f + 3 l,+ 4 HaO. 
C,H.(OH),+iiHI=C.Hi,I-|-5l.+6H,0. 


It may also be remarked that in the presence of an excess of hydriodic 
acid the iodides are often reduced. 

(6) By file action of phosphorus halides,^—li, for example, ethyl 
alcohol be treated with PCI3, PBrg, or PI3, two possibilities arise; 
either a halogen acid and ethyl phosphorous ester are produced. 
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or an ethyl halide and phosphorous acid. The latter reaction occury 
when PBrs and PI3 are used, and this method is adopted almost 
exclusively in t.he preparation of the alkyl bromides and iodides (see 
ethyl bromide and ethyl iodide): 

, PBr, 4 - 3 CaH 50 H= 3 C,H.Br+H,P 0 ,. 

Pl3+3C,H,OH=)C,HJ +H,PO,. 

(Bla acts analogously on ethyl alcohol, B. 24 , R. 387.) The for¬ 
mation of esters of phosphorous acid by the use of PBrs is 

far from satisfactory- PCI3, on the othor hand, yields phosphorous 
esters and hydrochloric acid almost entirely according to the equation 
(C. 1905, II. 1664 ; see p. 141); * . 

PCl,+3Can,OH=P(OC,HJ,+3HCl. 

The chlorides are readily formed if PCl^ be substituted for PCI®: 

PCl,-hC,H50H=C*H,a-hHCI-i-P0a8. 

(4) From alkyl halides or alkyl sulphuric acids and metallic halides. 

{a) Bromides and iodides can be transformed into chlorides by heating them 
with HgClg: • 

2C,HJ+HgCl8-=2C8H,CI+Hgl8. 

(6) When chlorides are heated with AlBt, or All, or Cal^ they become con¬ 
verted into bromides or iodides (B. 14 , 1709 ; 16 , 392 ; 19 , R. 1O6) : 

3C,H8Cl+AlBr,=3C8H8Br+AlCl,. 

% 

(c) Methyl and ethyl iodides yield wlDi AgF the gaseous compounds methyl 
fiuoride, CH^F, and ethyl fluoride, CjHgF, wliich have an agreeable, ethereal 
odour, and do not attack glass (B. 22 , R. 267). 

(«/) On distilling ethyl sulphuric acid and potassium bromide, ethyl bromide 
is produced. Methyl and ethyl sulphates w'lth alkali iodides in aqueous 
solution yield methyl and ethyl iodides. 

(e) Magnesium alkyl chlorides or bromides yield iodo-alkyls with iodine 
(C. 1903, I. 318) : 

C,H„MgCl-hI,-C,H„I+Mga. 

Isomerism. —Propane is the first hydrocarbon capable of 3nelding 
isomers (p. 27). TJic isomerism depends on the varying position 
of the hydrogen, atoUis in the same carbon chain, and from butane 
forward it depends on the different linkage of the carbon atoms forming 
the carbon skeleton (see table, p. 134). 

Properties and Reactions. —^The alkylogens are ethereal, agree¬ 
able, sweet-smelling liquids. They are scarcely soluble in water, but 
dissolve with ease in alcohol and ether. They are gases at the ordinary 
temperature— e.g. methyl chloride, ethyl chloride, and methyl bromide. 
The chlorides boil 28-20° lower than thte bromides, and the latter 
from 34-28° lower than the corresponding iodides (p. 134). The 
differences grow less with increasing molecular height. As in the case 
of the paraffins, here also, where isomers ^^t, the normal members 
have the highest boiling points ; the more branched the carbon chain, 
the lower will the boiling point lie. 

As halogen esters of the alcohols, the alkylogens may be compared 
with the metallic halides, although the halogens are less readily trans¬ 
posed by silver nitrate. 'The iodides are the most reactive. However, 
the alkylogens are excellently adapted to bring about the replacement 
of mets^, and ^us to unite alcohol radicals and atoms which previously 



^34 


ORGANIC CHEMISTRY 


^ere combined with metals. Particularly interesting is the reaction 
between the alkaline cyanides (see nitriles), and the sodium deriva¬ 
tives of acetoacetic ester {q.v,) and malonic ester {qv,). Both are 
synthetic reactions of the fir^t importance (p, 75). The alkylogens 
play a prominent part in the 7 tucleus-syntheses of the paraffins (see 
Ethane, p. 72). They constitute the transition from the paraffins and 
olefines to the alcohols, into whicli they are converted, for example, 
by moist silver oxide. 

The methods for the ponveision of alcohols into ethers, into 
mercaptans (sulphur-alcohols), into alkyl sulphides (sulphur-ethers) 
and compound mineral ethers or esters, are based upon the reactivity 
of the halogen atoms in the alkylogens. This is also the case wth the 
methods employed in the preparation of metal alkyls, especially zinc 
alkyls and magnesium alkylogens. 

Among the numerous reactions of the alkylogens, mention may 
here be made of their power to unite with ammonia and ammonium 
bases. By this means the primary, secondary, and tertiary amines, as 
well as the tetra-alkyl ammopium halides, were obtained. 

The following table contains the boiling points of some of the 
alkylogens at the ordinary pressure :— 


Name and Formula of Radical. 

Chloride. 

Ilroinulc. 

Iodide. 

Methyl- .... 

Ethyl-. 

. CH3— 

. CH3CH,— 

“zr 

4-12-5® 

4 - 4 - 5 " 

43 ^* 

72®. 

n-Propyl- . 

Isopropyl- . 

(CHaljCH— 

44 " 


102® 

89-5" 

n-Butyl- 
Isobutyl- , 

CIT3CH2CH3CHJ- 

(CHJXHCH,— 

77 - 5 ” 

08 - 5 ® 

92® 

129*6° 

120® 

sec.-Butyi- . 

(:;h’>ch- 




tert.-Butyl- 

(CH,),C— 




n-Amyl- .... 
Isoamyl- .... 
Diethyl Methyl- 

CH,.rCII,],C»,— 

(C 1 I;,) 2 CH.CH,.CH,— 

(C,U,).CH- 

lOG® ! 

100® I 

T29° 

120® 

155'’ 

1.1 8® 
145° 

Methyl n-Propyl Methyl 

(.h,,S|>ch- 

T04® 


144® 

Methyl Isopropyl Methyl- 


115° 

13S® 

Dimethyl Ethyl Methyl- 

(CH,),, 

C.Ht" 

86® 

100® 

127® 

n-Hexyl-. 

n-Heptyl-. 

n-Octyl-. 


133° 

159“ 

180® 

155° 

178“ 

199 * 

179® 

203® 

225® 


Monofluoromethane CHjF, b.p. —78®. is formed according to mode of pre- 
pai'ation (4) (c) (p, 133)1 and by heating tetramethyl ammonium fluoride (C. 

8904, II. laSx). 
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UonooUoromethane, Methyl Chloride, CH3CI, m.p. —103° (B. Sd. 
638), is obtained from methane or methyl alcohol. It is a sweet¬ 
smelling gas. -.Alcohol will dissolve 35 volumes of it, and water 
4 volumes. 

It is prepared by heating a mixture of i part methyl alcohol (wood spirit), 
2 parts sodium chloride, and 3 parts sulphuric acid. A better plan is to conduct 
HCl into boiling methyl alcohol in the presence ofrzinc chloride (J part). The 
disengaged gas is washed with KOH, and dried by means of sulphuric acid. Com¬ 
mercial methyl chloride is obtained by heating trimethylaminc hydrochloride, 
N(CH8)3.HCI, and is usually supplied in a cbmpressed oondition. It was 
formerly employed in the manulacturc of the aniline dyes, and in producing 
cold. t , 

Monochlorethane, Ethyl Chloride, C2H5CI, b.p. i2‘5°. Do = 0*921. It 
is prepared from ethyl alcohol in the same mannef that methyl chloride 
is obtained from its alcphol. Its formation from “ethyl hydride "or 
^dimethyl by means of chlorine (p. 72) is important from a theoretical 
Standpoint. 

It is an ethereal liquid, miscible wi^li alcohol, and but sparingly 
soluble in water. 

If heated with water at 100® in a sealed tube, it changes to ethyl 
alcohol, a conversion which is accelerated by potassium hydroxide. In 
diffused sunlight, chlorine acts upon it to form cthylidene chloride, 
CH3.CHCI2, and other substitution products. Of these C2HCI5 was 
formerly Ciuployed as Mther ancBStheiicus, Chlorine, in the presence 
of iron, converts chloretliane into eth3dene chloride. 

Myricyl chloride, CHgfCHJjgCHzCl, m.p. 6.^®, 

Methyl Bromide, Monobromomethane, CHgBr, Dq 173 (B, 38 , 

1865). 

'Monobromethane, Ethyl Bromide, CgH^Br, b.p. 39°; 013 = 1*47. 
It is prepared from potassium bromide and ethyl sulphuric acid 
(p. 126). It is used^as a narcotic, and is known as the officinal Mther 
bromatus, • 

Bromopropane, Propyl Bromide, CjHyBr, b.p. 71®; Djo =1*3520, is prepared 
from the normal alcohol (C. 1006, 11 , 1042). 

Bfomo-isopropane, Isopropyl Bromide, CgH^Br, b.p. 59*50®; = 1*3097, is 

obtained from its corresponding alcohol. It is most convenientlj^ prepared by 
the action of bromine on isopropyl iodide (B. 15 , 1904). On boiling with 
aluminium bromide, or by heating to 250®, normal bromopropane is partially 
converted into the bromo-isopropanc (B. 16 , 39')* It may be assumed that the 
normal bromopropane, CH8.CHa.(ni.;.Br, at firsj breaks up into propylene, 
CH|.CH:CH, and HBr, which then, according to a common rule of addition 
(p. S4), unites with the p^pyleiic to bromo-isopropane, CHg.CHBr.CH,. 
Similarly, the bromo-isobutane (CHala.CH.CHj.Br, changes at 240® to tert.- 
bromobutane, (CH3),.CBr.CH,. The reactions occufring on heating the halogen 
acids with the alcohols may be explained in the same manner. 

The table already referred to also contains the boiling points of some of the 
higher homologues. * 

Cetyl Bromide, CH,[CH,]i4CH3Br, m.p. 15*. 

, 

On exposure to the air the iodides soon become discoloured by 
deposition of iodine. The iodides of the secondary and tertiary 
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^ alcohols are easily converted by heat into alkylenes, CnH2n. and HI. 

*'Consult A. 243 , 30, upon the specific volumes of the iodo-alkyls. 

lodomethane Methyl Iodide, CH3I, b.p. 43°; D^= 2*19, is pre¬ 
pared from methyl alcohol, iodine, and phosphorus, or from ^methyl 
sulphate and potassium ioUide in aqueous solution (C. igo6, II. 1589). 
It is a heavy, sweet-smelling liquid, and unites with H2O to form a 
crystalline hydrate, 2CHQl-fH20, and with methyl alcohol to form a 
compound, 3CH3I+CH3OH, b.p. 40®, without decomposition (C. 1901, 
II. 179). At low temperatures the iodo-alkyls take up chlorine, form¬ 
ing extremely easily decomposable iodo chlorides : 

Methyl lodochloride, QHaCljpin.p. —28®, consistsof yellow crystals. Itdecom- 
poses into iodine chloride and chloromethane (B. 88, 2842). 

lodoethane, Ethyl Iodide, C2H6I, m.p. —113°, Do = i’ 975 » was 
discovered by Gay-Lussac in 1815. It is prepared from alcohol, iodine 
and phosphorus; or from diethyl sulphate with potassium iodide 
solution (C. 1906, II. 1589). It is a colourless, strongly refracting liquid. 

Propyl Iodide, CgH,!, b.p. 102!. D,o 17427, from propyl alcohol. 

lodoisopropane. Isopropyl Iodide, C3H7I, b.p. 89*5°, D2o = i' 7 ® 33 > 
is prepared fromisopropyl alcohol, propylene glycol, C3H(j(OH)2, or from 
propylene, and, most conveniently, by distilling a mixture of glycerol, 
amorphous phosphorus, and iodine (A. 138 , 364) : 

C,H5(0H),+5HI=C3H,I+2la+3H,O. 

Here allyl iodide, CH2=CH—CHgl, is first produced (see below), 
which is further changed to propylene, CH2==CH— CH3, and isopropyl 
iodide. 

The boiling points of some of the higher alkylogens will be found in the pre¬ 
ceding table. Cetyl Iodide, CH3.[CHJi4CHaI, m.p. 22®, and Myricyl Iodide, 

m.p. 70®. ^ 


II. HALOGEN ESTERS OF THE UNSATURAT,ED ALCOHOLS 

Only the halogen esters of the most important olefine and acetylene alcohols 
will be given; they are the allyl halides and the propargyl halides. The 
former are prepared from allyl alcohol by methods similar to those employed 
for the preparation of the corresponding compounds from ethyl alcohol. They 
are isomeric with the / 5 - and a-haloid propylenes (p. 97). from which they are 
distinguished by their adaptability for double decompositions: 


Formula. 


Boiling Point. Sp. Gravity. 


Allyl Fluoride {B. 24 , R. 40) 
Allyl Chloride . . . ^ 
Allyl Bromide . . . T 
Allyl Iodide. 


CH3=CH.CH,F 

CH,=CH.CHjCl 

CH3=CH.CH|Br 

CH,=CH.CH,I 


— 10 ® 

46® 0-9379 (20®) 

71® 1-461 (0®) 

loi® 1*789 (i6®) 


The allyl halides are liquids with leek-like odour. Allyl chloride, heated to 
100® with HCl, yields propylene chloride, CHaCHCl.CH2Cl. Allyl bromiie, heated 
to loo® with HBr passes into trimethylene bromide, CHjBr.CHa.CHaBr. The 
addition of halogens produces glycerol trihaloid esters. 
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AUyl Iodide. It is readily prepared from glycerol by the action of^ 
HI, or iochne and phosphorus. It may be supposed that at first 
CH2I.CHI.CH2I forms, but is subsequently decomposed into allyl 
iodide and iodine. (Pieparation: A. 185 , 191; 226 , 206.) With 
excess of HI or phosphorus iodide, jiUyl iodide is further converted 
into- propylene and isopropyl iodide (see above). 

By continued shaking of allyl iodide in alcoholic solution with mercury, 
C,H,HgI separates in colourless leaflets (see mercury ethyl). Iodine liberates 
pure allyl iodide from this: ' 1 

C,Il5HgI-fI,=C,HJ+HgI,. 

Alcoholic potassium hydroxide converts allyl iodide into allyl 
ethyl ether. With potassium sulphide it 5delds allyl sulphide (p. 144); 
with potassium thiocyanate, allyl thiocyanate, which passes readily 
into allyl mustard oil (q.v.). Allyl iodide has also been used in the 
synthesis of unsaturated'alcohols. 


Name. 

FoimuA. 

1 

Boiling 

Point 

Sp. Gravity. 

Propargyl Chloride (B. 8 , 308) 

CHl^C.CHjCl 

65" 

I'0454 (5°) 

Propargyl Bromide (li. 7, 761) 

CHFEC.CIIjBr 

89 ® 

I'5200 (20®) 

Propargyl Iodide (B. 17,1132) 

CH : C.CHal 

115° 

2-0177 (0®) 


Propargyl chloride is produced when pliosphorus trichloride acts 
on propargyl alcohol. 


B. ESTERS OF NITRIC ACID 

They are prepared by the interaction of alcohols and nitric «icid 
(C.’igo.^ IL*338). Nitrous acid is always produced, as a consequence 
of secondary reactions oxidizing and may be destroyed by the 
addition of urea; . 

’ C0(NHJ,-f2HN0,=C0,+2N,+3H,0. 

When much nitrous acid is present, it induces tlie decomposition 
of the nitric acid ester, and causes explosions. 

Methyl Nitric Ester, Methyl Nitrate, b.p. 6o®; Dg, = 1*182. When struck or 
heated to 150® it explodes very violently. 

Ethyl NUrlo Ester, Ethyl Nitrate. CjHb-O.NOj, b.p. 86®; = i*ii2, is a 

colourless, pleasant-smelling liquid. It is almost insoluble in water, and bums 
with a white light. It will explode if suddenly exposed to a high temperature. 
Heated with ammonia, it passes into ethylamine nitrate. Tin and hydrochloric 
acid convert it into hydroxylanfhie. 

Propyl Nitrate. CjH70.N0a (B. 14, 421), b.pl» no®; Isopropyl NilraUt b.p. 
roi-102®; Isobutyl Nitfate.\>.\i. /soamy/iVitfafe, b.p. 148®; n-Octyl Nitrate, 
b.p.go no®; Myristyl Nitrate, b.p.,| 175-180®. 

» 

C. ESTERS OF NITROUS ACID 

These are isomeric with the nitro-parafiins. The group NO2 is 
present in both; whilst, however, in the nitro-compounds nitrogen 
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4 

i 

^is 'combined with carbon, in the esters the union is effected by 
oxygen: 

CjHj.NO, CjHfi.O.NO, 

NltTo*ethane. ^ Ethyl Nitrous Ester. 

The nitrous esters, as might be inferred from their different structure, 
decompose into alcohols and nitrous acid when acted on by alkalis. 
Similar treatment will npt decompose the nitro-compounds. Nascent 
hydrogen (tin and livdrochloric acid) converts the latter into amines, 
whilst the esters arc li3^drohzed. 

Nitrous acid esters are produced in (i) the action of nitrous acid on the 
alcohols in dilute aqueovs solutiitn (B. 34 , 755) ; (2) by the action of iodo-alkyls 
on silver nitrite (B. 25 , R. 571) together with nitro-paraffins of much higher 
boiling points; (?) by the introduction of nitrosyl chloride into a pyridine 
solution of the alcohol (C. 1903, II. 339). . 

ATethyl Nitrous Ester, Methyl Nitrite, CHs.O.NO. b.p. — 12 °. 

Ethyl Nitrous Ester, Itthyl Nitrite, C,Hb.O.NO. b.p. 16®, Bjg = 0*947, Is obtained 
by the action of sulphuric acid and potassium nitrile on alcohol (A. 253 , 251, 
footnote). It is a mobile, yellowish liquid. It is insoluble in water, and possesses 
an odour resembling that of apples. It is the active ingredient of Spiritus cetheris 
nitrosi. • 

When ethyl nitrite stands in contact with water it gradually decomposes, 
nitrogen oxide being evolved; an explosion may occur under sonic conditions. 
Hydrogen sulphide changes it into alcohol and ammonia. 

n-Butyl Nitrite, C4HJ.O.NO, b.p. 75°, sec.-Butyl Nitrite, b.p. 68®, t6rt.-Butyl 
Nitrite, b.p. 77®, n-Octyl Nitrite, b.p. 175® (C. 1903. II. 339). 

Isoamyl Nitrous Ester, CjHnO.NO, b.p. 96®; D — 0*902, is obtained by pass¬ 
ing nitrous vapours into amyl alcohol at 100®. It is a yellow liquid. An explosion 
takes place when the vapours are heated to 250®. Nascent hydrogen changes 
it into amyl alcohol and ammonia. Healed with methyl alcohol, it is transformed 
into methyl nitrite and amyl alcohol; ethyl alcohol behaves analogously (B. 20 , 
656). 

Amyl nitrite, Amylium nitrosum” is used in medicine, and also for the 
preparation of nitroso- and diazo-compounds. 

^OTE.— Diazoethoxane, CjHgO—N=N—OCjH,, results from the interaction 
of iodoethane and nitrosyl silver (NOAglj. It is the ester of hyponitrous ^icid 
(B. 11 , 1630). 


« D. ESTERS OF SULPHURIC ACID * 

I. The normal, or dialkyl esters are prepared (i) by the intco'action of iodo- 
alkyls and silver sulphate ; (2) from chlorosulphonic esters or sulphuryl chloride 
and sodium alcoholatc, together with by-products (C. 190:^, II. 936). They 
■result (3), in small quantities, by heating mono-ethyl sulphuric ester alone, 
or the alcohol with sulphuric acid, and can be extracted from tlie reaction products 
by chloroform. A better method is to pass methyl ether into H,S04 at 160® 
(C. 1901, II. 269). Fuming .sulphuric acid at onlinary temperatures yields 
mainly neutral esters with methyl and ethyl alcohols (C. 1900, II. 614). They are 
heavy liquids, soluble in etfier, possess an odour like that of peppermint, and 
boil without decompositfl>n. They will sink in water, and gradually decompose 
into a primary ester and alcohol: * 

so,<3;^»|^‘+h,o=so,<3h’’^‘+c.h,.oh. 

Dimethyl Ester, Dimethyl Sulphate, SO,(OCH8)s, b.p. x88®, is conveniently 
prepared by the interaction of methyl alcohol and chlorosulphonic acid. It is 
highly irritating to the mucous membrane (C. I 9 ?if I- 2^5), and is poisonous 
(C. 190a, I. 364). It is frequently employed in the preparation of methyl ethers, 
esters, and amines (A. 327 , 104). Diethyl Ester, Diethyl Sulphate, SOifOCgHJ^, 
i).p. 208®, may also be prepared from SO| and Heated with alcohol 
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it forms ethyl sulphuric acid and ethyl ether {B. 13 ,1699 ; 15 ,947) ; it is an excel- • 
lent reagent for alkylation (B. 38 , 2476) (comp. Ethyl Hydrogen Peroxide, p. 129). 
Di-isohutyl Ester, b.p.u 134®. and Di-isoamyl Ester, b.p.u 150®, are prepared from 
the respective sodium carboxylates and SO,Clj (C. 1903, II. 937). 

2. The primary esters or ether-acids are produced (i) when the 
alcohols are mixed with concentrated sulphuric acid: 

SO,(OH),+C,H..OH+H.O. 

The reaction takes place only when aided bj^ heat, and it is not complete. 
The reaction proceeds to completion if the alcohol be dissolved in very little 
sulphuric acid, and SO3 in the form of fuming snlphuric^acid Be then allowed to 
act on the wclPcooled solution (B. 28 , R. 31). To isolate the ether-acids, the 
product of the reaction is diluted with water and boiled with an excess of barium 
carbonate. In th^s way the unaffected sulphuric acid i^ thrown out as barium 
sulphate ; the banum salts of the ether-acids are soluble and crystallize out when 
the solution is evaporated. To obtain the acids in a free state their salts are 
treated with sulphuric acid dr the lead salts (obtmncd by saturating the acids 
with lead carbonate) may be decomposed by hydrogen sulphide, and the solution 
allowed to evaporate over sulphuric acid. 

Secondary alcohols, also, by canfuJ cooling ci the reacting bodies, are capable 
of forming ether sulphuric acids—e.g. ethyl propyl carbinol (B. 26 ,1203) ; tertiary 
alcohols behave similarly (C. 1897, II. 408). 

(2) The ether-acids also result from the union of the alkylenes with concentrated 
sulphuric acid. 

Properties, —^These esters are thick liquids, which cannot be distilled, 
but which sometimes crystallize. They dissolve readily in water and 
alcohol, but are insolubie in ellier. 

(i) When boiled or warmed with water they break down into 
sulphuric acid and alcoliol: 

S 0 ,<°j^>"»+H ,0 = H,S 04 +C,H,. 0 H. 

2) When distilled, they yield sulphuric acid and alkylenes (p. 83). 

3) V^herf heated with alcohols, simple and mixed ethers (p. 126) 
are produced. 

They show a strongly acid reaction, and furnish salts which dissolve 
quite readily in water, most of them crystallize readily. The salts 
gradually change to sulphates and alcohol when the}^ are boiled 
with water. The alkali salts are frequently applied in different 
. reactions. Thus with KSH and KgS they yield mercaptans and thio- 
others (p. 143) : with salts of fatty acids they furnish esters, and with 
KCN the alkyl cyanides, etc. 

Methyl Sulphuric Acid, S04(CH3)H. is a thick oil. 

Ethyl Sulphuric Acid, S04(C2H5)1I, is obtained b^ mixing i part alcohol with 
2 parts concentrated sulphuric acid, and forms the basB of the Mixt. sulf. acida 
(Ph.G.); potassium salt, 504(02!*!rIK, is anhydrous, and crystallizes in plates: 
barium and calcium salts crystallize in large taJblets with two molecules of 
H ,0 each (A. 218 , 300). 

The chlorides or chloranhydrides of the ether sulphuric acids 

called chlorosulphonic esters, result (i) by the action of sulphuryl chloride on 
the alcohols (C. 1903, ll. 936 > 1905^ 1- 14) • 

C,H,.OH + SO.Cl,=SO,<^j +HCl; 

Chloride of Ethyl 
Sulphuric Acid. 
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( 

> (&) by the action of FClg on salts of the ether acids ; (3) by the union of the 
olefines with Q.SO^H ; (^) by the union of SO^ with the chloro-alkyls; and (5) by 
the action of SO^ on the esters of h3rpochloFous acid (B. 19 , 860): 

They are liquids possessing a penetrating odour. Cold water decomposes them 
slowly into the alkyl sulphuric acids. The same result accompanied by a violent 
evolution of chlorcthane is brought about by alcohol. Sodium alcoholates 
of chlorosulphonic esters unite to form compounds which break down, giving rise 
to normal sulphonic ester, ether, sodium alkyl sulphate, and sodium sulphate. 
Aniline and phenols (Vol. II.) arc alkylized by chlorosulphonic ester; sodium 
malonic ester and sodium acetic ester are chlorinated (C. 1905, I. 13). 

Chloride of Ethyl Sulphurid Acid, CjH^.O.SOjCl, b.p.,4 52®; E>n = 1*263. 
Methyl Sulphuric Chloride, CHa.O.SOjCl, b.p. 132®. 


E. ESTERS OF SULPHUROUS ACID 

The empirical formula of sulphurous acid, H2SO3, may have two 
possible structures: 

HSO,.OH. 

sym.'Sulphurou^ Acid. unsym.-Sulphurous Acid. 

The ordinary sulphites correspond with formula 2, and it appears 
that in them one atom of metal is in direct combination with sulphur: 

Ag.SO,.OAg K.SO,.OH. 

Silver Sulphite. Prim. Potassium Sulphite. 

I 

Silver sulphite, AgS02.0Ag, when acted on by iodocthane, yields 
the ethyl ester of ethyl sulphuric acid, C2H6.SO3.C2H5, which loses 
an ethyl group when treated with potassium hydroxide, and yields 
ethyl sulphuric acid, C2H5.SO3H, the oxidation product of ethyl 
mercaptan, C2H6SH. The sulpho-acids and their esters, which must be 
viewed as esters of unsymmetrical sulphurous acid, wiP be described 
after the metcapians. 

The esters of symmetrical and unsymmetrical sulphurous acid are closely 
connected, as the following shows. 

If SO2 is passed into a solution of sodium or potassium alcoholate, or SO^ 
and NH3 into absolute alcohol, there are obtained unstable salts of alkyl sul* 
phurous acid--CH,O.SO,Na, C.HjO.SOaK, CjH^O.SOjNa, CjH^O.SOjNH,, 
which easily lose SCJ* (B. 38 , 1298; C. 1902, II. 930). These salts are isomerio 
with the very stable alkyl sulphonic acid esters (p. 146). If sodium ethyl sulphite 
is heated with iodoethane or sodium iodide in alcoholic solution, it is converted 
into the double salt of sodium ethyl suiphonate with sodium iodide. 

The dialkyl esters of symmetrical sulphurous acid are prepared by the action 
of thionyl chloride SOCla 6r sulphur chloride on the alcohols; 

SOCl, +W.H.OH=SO(OC,H J j+2HCI. 

S,04+30.1? jOH=SO(OC,Hd+C,H»SH+2HCl. 

The mercaptan which is formed undergoes further change. 

The dialkyl sulphites are liquids, insoluble in water, having an odour of pepper¬ 
mint. They are Isomeric with the corresponding esters of the alkyl sulphonic 
acids. It is remarkable that aqueous solutions of alkali hydroxides only 
hydrolyze the sulphites with difficulty, whilst the prolonged action of a cold con¬ 
centrated solution partially converts them into alkyl sulphonic acids; a change 
which is also brought about by potassium iodide (see above) (B. 88,1298}. 

Dinuti^l Sulplinroill Eiter, SO(O.CH|)|, Dimethyl Suiphtie^ b.p. lai®. 
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Dltfhyl Snlphttfl, S 0(0 b p, 161®, l 5 , = i*io6, is converted by PG, into 

the chloride, SO^q ^ P* **2*1 which is easily decomposed by water into 

alcohol, SO, and HCl. it is isomenc with ethyl sulphomc chloride Id, 
propyl Sulphite, b p 191". 

F. ESTERS OF HYPOCHLOROUS AND PERCHLORIC ACIDS 

» 

The Esters of hypochlorous acid, HCIO, aie formed by mixing the free acid 
with alcohols They are pungently-smelhng, explosive liquids (B 18 , 1767, 
1®* ®57)i from which the explobive esters of perchloric acid are obtained by the 
action of lodo al\yls on the silver salt 

Methyl Hypochlorite, b p 12^, Ethyl Hypochloilte, b p ^6*’ 

On the behiviour of alkyl hvpochlorates and SO,, see p 140, and with 
KCN, see chlonmidocarbonic ester 


G ESTrivS OF BORIC ACID, ORTHO-PHOSPIIORIC ACID, SYM -PHOS¬ 
PHOROUS ACID, ARSPNIC ACID, SYM ARSENIC US ACID, AND THE 
SITICIC ACIDS , 

These esters a re obtained by the action of BCl 5 BgO, POCI3, PCI, AsBr,, SiCl,, 
S13OCI, on alcohols and sodium alcoholatcs Alkali hydroxides hydrolyre 
them with the production of alcohols and alkali sdts of the respective morganic 
aads Most of them are decomposed entirely or in part by water 
Methyl Borate, B(OCHs),, bp 65®, and 

Ethyl Borate, B(OC,H,)„ bp 119°, both burnwithagieen flame (C 1898, II 
1243) 

Ethyl Phosphate, bp 2ii®(C 1900,1 102) 

i>yra.'‘Methyl Pho^Ohite P( 0 ( II,), bp iri°, and 

sym.-EthylPhosphite P{OC2Hb), bp 156*,resultfiomtheactionofPClsonthe 
corresponding sodium alcoholate solution and alcohols yield mainly 

Dtalkyl esters oiunsym -phosphorous ac^d 111 ^ 0 ( 014 ), which can also be obtained 
from the symmetrical tnalkvl esters by the action of water or hydrochloric acid. 
The latter are isomcnzed by lodo alkyls into alkyl pHospho-aetd esters (cojnp. 
P 175) intermediate formation of addition pioducls (comp, sulphurous 

acid esterb) : 

HO Rl 

HPO(OR),-<-P(OR),-^RP 0 ( 0 R )3 

( 

Cuprous halides also form addition compounds with the tnalkyl phosphorous 
aeid esters (C 1903. H 22. iqo6. II 1630, B 38,1171) 

Ethyl Arsenate, AsO(OC,H5)3, b p 235®, is prepared from silver arsenate and 
lodoethane 

s\m-Ethyl Arsenite, As{0C2il 1)3 bp r66® 

For Phospko- and Phosphimc acids and the corresponding compounds of 
arsenic, comp the Phosphofus bases and Arsenic bases. 

Methyl Orthosxlicate, 81(00113)4, bp 120-122®, 

Ethyl Orthosihcaie, Si(OC,Fl3)4, b p 165®. 

Ethyl Dtsiltcaie, Si,0(0C,H4)«, b p 23b® * 

Ethyl Metasihcate, SiO{OC,Hj,, bp 360® (approxiniately) 

The silicic esters bum with S brilliant white flame The ortho and meta- 
Silicic esters correspond with the o- and m- or crdiyary carbonic acid esters; 
C(OC,H4)4 and CO{OC,H4)3 

The oitho formic esters H( (OR), correspond with the o-sihcoformic esters, 
HSi(OR)„ which are produced from silicon chloroform, SiHCl, (sec Inorganic 
Chemistry) and the alcohols Ethyl o-Stltcoforntaie HSi(OC3H4)3 bp I34*, 
Propyl o-Sihcoformate, b p. 192®, D = o 885 These esters yield silicon hydnde 
when heated with sodium (B 38 , z66i). 
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3. SULPHUR DERIVATIVES OF THE ALCOHOL RADICALS 

The hydrosulphicles and sulpliides correspond with the metallic 
hydroxides and oxides, wlijlst the sulphur analogues of the alcohols 
and ethers are the thio-alcohols, mercapians, or alkyl hydrosulphides, 
and thio-eihers or alkyl-sulphides, and the alkali polysulphides find 
their analogues in the alkyl polysulphides : 


H' 

IT 

[0; 

Na: 

Hi 



Nal 

NaJ 

O; 

C.HJ^ 

HI 

HJ 

[S; 

Na’ 

H; 

[S: 

Hr' 

Nal 

NaJ 

[S: 

CaH^P 





Ethyl Hydrosulphidc. 



Ethyl Sulphide. 






Na 


CaH.U 






Na. 

f^a 1 

c-aiTr* 


Etbyl Disulphide. 


^ A. Uercaptans, Thio-alcohols, or Alkyl Hydrosulphides.—^Although 
the mercaplans closely resemble the alcohols in general, they 
are differentiated in that the hydiogcn, which in the alcohols is 
replaceable by the alkali metals, is in the mercaptans also to be sub¬ 
stituted by the heavy metals. The mercaptans react very readily 
with mercuric oxide, to form cr3T.talline compounds : 

2CaH5.SH+HgO = (CaHB.S),Hff + HA 

Hence their designation as mercaptans (from mcrcurium captans). 
The metal derivatives of the mercaptans arc termed mcrcapiides. 

I 

Methods for their formation : 

(x) By the action of the alkylogens on potassium hydrosulphide in alcoholic 
solution : 

C jIIjCl -h KSH=CaH5.SH + KCl. 

(2) By distilling salts o£ the sulphuric esters with potassium hydrosulphide 
or potassium sulphide (see p. 139): 

SOj<q^»^»-HCSH=XjH5.SH4-K,SO,. 

The neutral esters of sulphuric acid— e.g, SOjfO.Caifjlj (p. 139)—also yield 
mercaptans when heated with KSH. * 

(3) A direct replacement of the oxygen of alcohols and ethers by sulphur may 
be efiected by phosphorous sulphide : 

SCjHjOH + P.S^-sCaHs.SH-hPaO*. 

(4) By reduction of the chlorides of the sulphonic acids ; 

CaH5.S0jCI-l-6H=CjH,SH-f-HCl-H2H,0. 

This reaction recalls the reduction of the acid chlorides to primary alcohols 

(p. 104)- 

4 

Properties and Reactions of the Mercc^tans .—The mercaptans are 
colourless liquids, mostly*insoluble in water, and possess a disagree¬ 
able, garlic-like odour. 

(1) Moderate oxidatioif with concentrated sulphuric acid, sulphuryl chloride, 
or iodine converts the mercaptans or mercaptides into disulphides (p. X44). The 
reaction with iodine permits of these substances being titrated (B, 89 , 738). 

(2) When oxidized with nitric acid, the mercaptans yield the sulphonic acids. 
Conversely, the mercaptans result by the reduction of the sulphomc acids. 
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(3) By their union with aldehydes and’ ketones there result mgrcaptals and 
mercaptols —CHgCH(SCgH5)|, (CH3)|C(SCjHj)g—^which will be treated at < 
the conclusion of the aldehydes and ketones {q.v.). 

(4) The mercaptans unite more or less easily to an ethylene linkage, form¬ 
ing sulphides (B. 88, 646). 

Ethyl Mercaptan, C2H5.SH, b.p. 36®; D20 = 0*829. It is the 

most important and was the first (liscovered mercaptan ( 1834 , Zcise, 
A. 11 , i). Despite its revolting odour, it is tecKnically made from ethyl 
chloride and potassium sulphydrate in the preparation of sulphonal. 
It is but slightly soluble in water ; readily iif alcohol and ether. 

Mercury Mefcaptide (C2H5.S)2Hg, m.p. 86°, crystalli2,es from alcohol 
in brilliant leaflets, and is only slightly soluble in water. When 
mercaptan is mixed witlj an alcoholic solution of HgCl2, the compound 
C2H5.S.HgCl is .precipitated. The potassium anc^ sodium compounds 
are best obtained by dissolving the metals in mercaptan diluted with 
ether ; they crystallize in*wliite needles. 

Methyl Mercaptan, CH,SH, b.p. 6°; n-Butyl Mercaptan b.p. 98®: 

n-Propyl Mercaptan b.p. 68®; Allyl ^lercaptan, C3H5SH, b.p. 90®. 

Isopropyl Mercaptan b.p. 59®; 

Methyl Mercaptan is formed during the fermentation of proteins (B. 34 , 201). 

n-Butyl Mercaptan is found in .secretions of the stink-badger of the Philippines 
(Mydeius Marchei Huet) (Pharm, Centralhalle, 1896, No. 34). 

B. Sulphides or Thio-ethers are obtained like the mercaptans : 

1. By the action of alkylogens on potassium sulphide. 

2. By distillation of salts of the ethyl sulphuric acids with potassium 
sulphide. 

3 . By the action of P2S5 on ethers. 

4. On heating the lead mercaptidcs : 

I. 2 C 2 H 5 Cl-f-K,S = (C,H 5 )BS+ 2 Ka 

• . ■* 2. + =(C,H5)iS+2K,S04. 

3. 5(C .H.) , 0 +P,S5 = 5 (C,H ,) +P, 0 .. 

4. , • {C,H,S),Pb =(C,H,),S+PbS. 

Further, by the interaction of alkyl halides with potassium or 
sodium mercaptidcs, when mixed thio-ethers arc also produced: 

5* f'2^5I ~ (CgHgljS-l-Nal 
CjHgSXa+C.HjI^CjHg.S.CaHy-f-Nal. 

Methods i, 2, and 5 are analogous to those used in the preparation 
of the corresponding ethers. « 

« 

The sulphides, like the mercai*tans, are colourless liquids, insoluble in water, 
but easily soluble in alcohol and ether. When impure their odour is very dis¬ 
agreeable, but is ethereal when pure (B. 27 ,1239). * 

Reactions ,—The sulphides are characterized by their additive power, (i) They 
unite with Br,, and (2) with metallic chlorides— e.g, (CjHgljS.HgClj.UCaHBlaSJg— 
PtClg (C. 1900, I. 280 ; igor. II. 184); (3) also with iofto-alkyl to iorni sulphine 
iodides (p. 145): {4) they are oxidized to sulphoxides (p. 145) and sulphonea 
(p. 145) by nitric acid. 

Methyl Sulphide, (CH,)|S, b.p. 37*5*- 

Etkyl Sulphide, ^ b.p. 
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. n-Propyl Sulphide, (C,H,),S, b.{>. 130-135*; n-Butyl Sulphide, b.p. i8a*; 
^ Isobutyl Sulphide, [(CHJ,CH.CH,],S. b.p. 173*; Cetyl Sulphide, (Ci,H,J,S, 
m.p. 57". 

The sulphides of vinyl and allyl alcohols occur in nature. They are far more 
important than the sulphides of the normal alcohols, particularly allyl sulphide. 

Vinyl Sulphide, (CjHJjS, b.p. loi®; D — 0*9125, is the principal ingredient 
of the oil of Allium urstnttm, and is very similar to allyl sulphide. It forms 
(C|HsBri)sSBrs with six atoms of bromine. Silver oxide changes it to vinyl 
ether (p. 129) (A. 241 , 90)- 

Allyl Sulpliide, (C3H5),S, b.p. 140° may be prepared by digesting 
allyl iodide with potassium sulphide in ^coholic solution. It is a 
colourless, disagieeable smelling oil, but slightly soluble in water. 
It forms crystalline precipitates with alcoholic solutions of HgCl2 
and PtCl4. With silver nitrate it yields the crystalline compound 
(C 3 H 5 ) 2 S. 2 AgN 03 . ■ 

The early statement of Wertheim that allyl sulphide is to be found 
in garlic, has not been substantiated; it*is the disulphide which 
occurs there (C. 1892, II. 833). 

Allyl mustard oil is pro,fiuced by heating the mercury derivative 
with potassium thiocyanate. Vinyl mustard oil is prepared in an 
analogous manner. 

C. Alkyl Disulphides are produced (i) like the alkyl monobulphides by 
distilling salts of the ethyl sulphuric acids or alkylogens with potassium 
disulphide (C. 1901, I, 1363) ; {2) by the action ot iodine on mcrcaptans, or con¬ 
centrated sulphuric acid on mercaptides (B. 89 , 738) : (3) by the action of 
sulphuryl chloride on the mcrcaptans : 

1. 2S0,<g^a^» + K2S, = (CaH5)*S,-i-2K,S04. 

2. 2C,H6SH-|-l2=Cjll6S~- S~C2H5 + 2HI. 

3. 2C,H5SH+S02CI,-(C*H»),S,+S02-f2HCI. 

When bromine acts on a mixture of two niercaptans, mixed alkyl disulphides 
are produced (B. 19 , 3132). Nascent hydrogen reduces the alkyl disulphidbs to 
mercaptans, whilst zinc dust converts them into zinc mercaptides : * 

(C,H,),Ss + Zn-(CaH5S)jZn., 

Mercaptides result on heating the disulphides with potassium sulphide (B. 19 , 
3129); magnesium alkyl halides produce sulphides and mercaptides (C. 1906, 1 . 
1244), and dilute nitric acid changes them to alkyl thiosulplionic esters (p. 147). 

Methyl Disulphide, (C2H,),Sj, b.p. 112“, and Ethyl Disulphide, (C2Hs)tS|, 
b.p. 151^ are oils possessing an odour like that of garlic. 

Allyl Disulphide, (CaHjjaSa, b.p.,, occurs with closely connected poly¬ 
sulphides in garlic, Allium sativum (C. 1892, II. 833). The name "ally!** is 
derived from this. 

D. Suiphine or Sulphonium Csmpounds (B. 27 , 505 Anm.). (1) The sulphides 
of the alcohol radicals (thfo-ethors) combine with the iodides, bromides, and 
chlorides of the alcohol radicals at ordinary temperatures, more rapidly on 
application of heat, and form crystalline comp 6 funds : 

IV 

Triethyl Sulphonium Iodide. 

These are perfectly analogous to the halogen derivatives of the strong basic 
radicals. By the action of moist silver oxide the |^alogen atom in them may be 
replaced by hydroxyl, and hydroxides similar to potassium hydroxide are formed ; 

{C,HJai>i+AgOH^(CgH,),S.OH + Agl. 
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(2) The sulpbine or sulphonium halides are also obtained on heating the snlphug 
ethers with the halogen acids, and (3) the alkyl sulphides with iodine (B, 25 ^ 
R, 64X): 

2(C,H,)sS-fHI = (C,H,),SH-C,HBSH, 

4 (CH,),S+I, = 2(CH,),SI + (CH,),S3. 

(4) The acid chlorides react similarly to iodine, 

(5) By the action of iodomcthane on metallic sulphides : 

SnS+3CHsI=SnI,+(CHj),SI. 

By heating together sulphur and iodomethane to i8o® there is formed 
(CH,)sSI.ls an iodine addition product of trimethyl sulphonium iodide. Similar 
compounds are obtained with selenium and tellurium (C. 1904, II. 414). 

Often when the iodoalkyls act on the sulphides of higher alkyls the latter are 
displaced (B. 8, 825). • 

(C,H6)iS.CH,I and are not isomeric (in which case a difference 

of the 4 valences of S would be proved) but identical (Ba 22 , R. 648). 

The sulphonium hydroxides are crystalline, efflorescent, strongly basic bodies, 
readily soluble in water. Like the alkalis, they precipitate metallic hydroxides 
from metallic salts, set ammonia free from ammoniacal salts, absorb CO^ and 
saturate acids, with the formation of neutral salts : 

(C,H,)aS.0H+HN0s=(CaHy)3S.N0,+H,0. 

We thus observe that relations similar to those noted with the nitrogen group 
prevail with sulphur (also with selenium and tellurium). Nitrogen and phos¬ 
phorus combine with four hydrogen atoms, also with alcoholic radicals, to form 
the groups ammonium, NH|, and phosphonium, PPI4, which yield compounds 
similar to those of the alkali metals. Sulphur and its analogues combine in like 
manner with three univalent alkyls, and give sulphonium and sulphine deriva¬ 
tives. Other non-metals and the less positive metals, like lead and tin, exhibit a 
perfectly similar behaviour. By addition oi hydrogen or alkyls they acquire a 
strongly basic, metallic character (sec the mctallo-organic comx>ounds and also 
the aromatic iodonium bases, Vol. II.). 

Trimetbyl Sulphonium Iodide, (CHa)3SI, is readily soluble in water, but is 
soluble with difficulty in alcohol, from which it crystallizes in white needles. At 
215® it breaks down directly into methyl sulphide and iodomcthane. Platinic 
chloride precipitates, from solutions of the chloride, a chloroplatinate. 
[{CHjjSClJa.PtCl^, very similar to ammonium platinum chloride. Trlnfethyl 
Sulphonium Hydroxide, (CH 3)35011, consists of deliquescent crystals possessing a 
strongly alkaline reaction. 

Consult B. 24 , R. 90b, lor the refractive power and the lowering of the 
freezing point of siyphihc compounds. 


E. Sulphoxides and Sulphones, as mentioned (p. 143), result from 
the oxidation of the sulphides with nitric acid : 


C,H3>S - 
Ethyl Sulphide. 


^ c:S:>so - 

Ethyl Sulphoxidc. 


C 3 H 3 >^'^* 

Ethyl Sulphone. 


The sulphoxides may be compared with the ketones. Nascent hydrogen reduces 
them to sulphides. Methyl and Ethyl Sulphoxides arc thick oils, which combine 
with nitric acid : (CI-Ia)2S0.1IN03. Barium carbonate’liberates the sulphoxides 
from these salts. Metnyl SulphJxide is also formed when silver oxide acts upon 
methyl ^ulphohromide, (CHg)2SBrg. • ♦ 

The sulphones, obtained from the sulphoxides by means of fuming nitric acid, 
or by oxidation with potassium permanganate, may also be regarded as esters 
of the alkyl sulphinic acids (g.v.), because they can b* prepared from salts of the 
' latter through the action of iodoalkyls: 

C,H,.SD,K+C.H.I=^|gj>SO, + KI. 

However, they are not true esters, but compounds, characterized by great 
VOL. I. L 
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stability, in which both alcohol radicals are linked to sulphur. They cannot be 
reduced to sulphides. 

Methyl Sulphone, (CHO^SOj, m.p. 109®; b.p, 238®. 

Ethyl Sulphone, (0^115)3802,^m.p. 70°; b.p. 248®. 

ALKYL SULPHONIC ACIDS, ALKYL THIOSULPHURIC ACIDS, ALKYL 
THIOSULPHONIC ACIDS, AND ALKYL SULPHINIC ACIDS 

These compounds have the general formulse; 

R.SOjOH RS.^jH R.SOjSH R.SOjH 

CjHj.SO.OH C,H,S.SOjH C,H,.SO,SH C,H,.SO,H. 

Ethyl Suiphonic' Ethy' Thiosulpviuric Ethyl Thio^ulphoaic Ethyl Sulphinic 
And. Acid. Acid. Acid. 

F. Sulphonic Acids. 

The sulpho-acids or sulphonic acids contain the sulpho-group —SO2.OH— 
joined to carbon. This is evident from their production by the oxidation of the 
mercaptans, and from their rc-conversion into mercaptans (p. 142). They can 
be considered as being ester derivatives of the unsymmctrical sulphurous acid, 
HSOaOH (p. T^f). 

Formation. —(i) Their salts result from the interaction of alkali sulphites and 
alkyl iodides; their esters are forfned when alkyl iodides act on silver sulphite: 

K.SOfiK+C^H^l^C^HySOfiK + Kl. 

Potassium Ethyl Sulpbonate. 

Ag.S0a0Ag+2C,HBl=C2H5.SO2OC2H5+2AgI. 

Ethyl Sulphonic Ethyl Ester. 

All the esters of sulphurous acid, both sulphite, ROSOjK, and sulphonic 
esters, (KO)jSO. when hcittod with KI form sulphonic acid double salts of the 
type (RS08K)4KI. 

(2) By oxidation of ((?) the mercaptans j (6) the alkyl disulphides; (c) the 
alkyl thiocyanates with nitric acid : 

C2H5SH) 

[CalfgSla ^Call^.SOaH. 

CjH 5 S.CN) 

(3) The alkyl sulphinic Jicids are readily oxidized to sulphonic acids. 

(4) * The sulpho-acids can be formed further by the action of sulphuric aclcj or 

sulphur tnoxide on alcoliols, ethers, and various other bodies. reaction 

is very common with benzene derivatives and proceeds without difficulty. 

Properttes and Reactions. —Those aculs are thick liquids, readily soluble in 
water, anrl generally crystallizable. Tliey undergo decoiilposition when exposed 
to heat (B. 38 , 2019), but are not altered when boiled with alkali hydroxides. 
When fused with solid alkali hydroxides they break up into sulphites and alcohols : 

CjHs.SOj.OK -1- KOH=KSOj.OK H-C,Hb.OH. 

PClj changes them to chlorides,— e.g. CjHj.SOjCl,—which are reduced to 
mercaptans by hydrogen; and by the action of sodium alcoholatcs they pass 
into the neutral esters—CaHj.SOa.CjHg (p. 13s). 

Many of these reactions plainly indicate that in the sulphonic acids the sulphur 
is directly combined with the alkyl groups, and that very probably, therefore, in 
the sulphites the one metallic atom is directly united to sulphur. The sulphonic 
esters ^il considerably hCghcr than the esters of symmetrical sulphurous acid 
(p. 140). Whilst alcoholic potassium hydroxide c 4 a verts the latter into potassium 
sulphite and alcohol, alkali solvtions act only with difficulty and with the partial 
production of salts of alkyl sulphonic acid; in the sulphonic esters the alkyl group 
which is not directly combined with sulphur is readily removed by hydrolysis. 

Methyl Sulphonic Acid, CH, SO3H, was synthetically prepared by Kolbe 
in 1845 from carbon disulphide, by converting it by means of moist chlorine 
into the chloride of trichloromethyt sulphonic add, CCljSOfCl, and this into the 
acid itself, which is reduced l^y sodium amalgam'to methyl sulphonic acid 
(A. S 4 , 174): 

c+2S=cs,-cci,.s»),a-> ca,.so,H- ^ ch,.so,h. 
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Methyl S^phochiofide b.p. 160*; Ethyl Sulphonate, 86* 

Methyl Sulphonic Anhydride (CHjSO,),©. m.p. 71*, b.p.^o 138* (B. 88, 20x8). 

Ethyl Sulphonlo Add, C|H,.SO,H, is oxidized by concentrated nitric add to 

CgH«O.SO,H (p. 139); lead salt, (CjHj.SOJtPb, is readily 
soluble; methyl ester, CjH^SOjCHv b.p. 198*; ethyl ester, C,Hg.SO|.C|Hs« 
b.p. 2x3*4®; sulphochloride, C,Hj.SO|Cl, b.p. 177®. 

Ethylene Snlphonle Acid, Vinyl Sulphonic acid, CHs—CHSO,H, is obtained 
from ethane disulphochloride, by the action of water and alcohol. Its ammonium 
salt, m.p. 156®, reduces alkaline permanganate instantaneously, and combines with 
ammonium hydrogen sulphite to form ammonium ethane disulphonate (C. tSgS, 
II. 1009 ‘ 1899. I. 1x04). Ethylene Sulphone Anil§de, CHj: CHSOjNHC^Hj, and 
Propylene Sulphone Anilide, CH,CH : CHSO,NHC,H^, are obtained from the re¬ 
spective a and jS^alkyl disulphochlorides and aniline with the separation of SOg 
and HCl. which takes place even at o® (B. 86, 3626). • 

G. Alkyl TM sulphuric Acids. 

(x) The well-crystallized alkali salts of these acids are made by acting on 
alksili thiosulphates with primary saturated alkyl iodide (B. 7 , 646, 1157) or 
bromide (B. 26 , 996). 

C,H,I-f-NaS.SO,Na=C,H5S SO,Na-f-NaI. 

Sodium ethyl thiosulphate is called Bunte*s salt, after its discoverer. (2) It 
also results when iodine acts on a mixture of^sodium mercaptidc and sodium 
sulphite: 

CjUsSNa+NaSOsNa+lB^CjlIjS.SOaNa-fzNaT, 

The free acids are not stable. Mineral acids convert sodium ethyl thiosulphate 
into mercaptan and mono-sodium sulphate. Heat breaks down the salts into 
disulphides, neutral potassium sulphate, and sulphur dioxide. Blcctroylsis of 
Bunte's salt give lise to diethyl disulphide (C. 1901. I. 331). 

H. The Alkyl Thiosulphonic Adds. « 

These acids are only stable as salts and esters. They are formed by the action 
of the chlorides of sulpho-aculs on potassium sulphide ; 

CallBSOtCl-hKjS-CJlB.SO.SK-fKCl. 

The esters, R.SOjSR, of tliis new class were formerly called alkyl disuiphontides, 
RbSsO,. and are obt lined (i) from the alkali salts by the action of the dlkyl 
bromides (B. j| 5 , 123): 

* CjHb.SO, SK fC,HBBr==C,HB.SOj.SC*H5-f KBr; 

and (2) by the oxidation of mercaptans and alkyl disulphides with dilute citric 
acid: (CaHBjjSt-hOJ^CaHB.SOs.SCjHB. These esters are liquids, insoluble in 
water, and possessed of a disgusting odour (B. 19 , 1241, 3131). Ethyl Thlo- 
sulphurlo Etl^l Ester, CjHb.SOj.S.CjHb, b.p. 130-140®. 

I . Alkyl Sulphlnle Adds The hydrosulphites (see Inorganic Chemistry) can be 
looked upon as being salts of a mixed acid anhydride of sulphurous acid and a 
hypothetical Sulphoxyltc acid, whereby the two following structural formulae are 
possible: 

Replacing one hydrogen atom, thf sulphinic acids result, e g., 

(I) C,H. S<°jj or (2) SO,. 

The true alkyl sulphinic esters are derived from the first formula, whilst the 
snlphonescan be referred to the second formula (p. 145). The sulphinates are 
produced as follows: 

(ll By the oxidation of the dry sodium mercaptides in the air. 

(21 M^en SO| acts on the zinc alkyls, or magnesium alkyl halides; or when 
SO|Ci| acts on ma^esium alkyl halides (B. 87 ,2152 ; C. I 905 » I* ^* 43 )- 
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c (3) When zinc acts on the chlorides of the sulphonic acids 

(1) C,H5SNa+20=C,HjS0,Na. 

(2) (C*H5),Zn-f2SO,={CaHjSOJ,2n. 
2C,H,MgI+SO,Cl,==C,HBSOaMgI-l-C,H,Cl+MgICl. 

(3) 2CjHBSOeCl + 2Zn =(C,H,SO,)8Zn+ZnCl,. 

The sulphoncs (p. 115) arc produced in the action of iodoalkyls on the 
alkali sulphonatcs, whilst the real esters result from the etherification of the acids 
with alcohol and hydrochloric acid, or by the action of chlorocarbonic esters on 
the sulphinates (B. 13 , 2493): 

R.SOaNa+Cl.COaR^R.SO.OR+COj-l-NaCl. 

When these esters are hydrolyzed by alcohol or water they break down into 
alcohol and sulphinic acid, whilst the isomeric sulphones are not altered. The 
free sulphinic acicis arc not very ^stable. They rapidly dissolve in water and are 
oxidized to sulphonic acids. Potassium permanr;anatc and acetic acid convert 
the sulphinic esters into sulphonic esters (B. 19 ^ 1225), whereas the isomeric 
sulphones remain unchanged. 


4. SELENIUM, AND TELLURIUM COMPOUNDS 

These are perfectly analogous to the sulphur compounds. 

Ethyl Hydrosslenide,C,H5.SeIj5, is a colourless, unpleasant-smelling, very mobile 
liquid. It combines readily with mercuric oxide to form a mercaptidc. 

Ethyl Selenide, (CaHB)2Se, b.p. 108°. is a heavy, yellow oil. It unites directly 
with the halogens, e.g. {C2HB)2SeClj. It dissolves in nitric acid wHh formation 
of the oxide, (C21 Ib)2ScO, which yields the salt, (C2HB)|Se{N05)j. Ethyl selenite, 
SeO(OC,Hs)2. b.p. 184®, with slight decomposition, is prepared from selenyl 
chloride and sodium cthoxide, or from silver selenite and iodo-ethane. These 
reactions demonstrate that the selenites liave the constitution ScO(OAIc)2, and 
that selenious acid is a true dihydroxy-acid (A. 241 , 150). 

Tellurium mercapians arc not knowp. Methyl Tellurlde, (CH3)aTe, b.p., 
80-82°, and Ethyl Telluride, (CjHfljjTe, b.p. i37'5®, arc obtained by dis¬ 
tilling barium alkyl sulphate with potassium telluride. They are heavy, 
yellow oils. The following compounds are derived from them: (CHj)jTeO, 
(CH3),TeCl,. (CH3)2Te(N03)2. (CH3)3TeI. (CH3)3Tc.OH, etc. 

Dimethyl Tellurium Oxide, {Cll,)jTeO, is a crystalline efflorescent compound, 
resejnbling, in its basic properties, CaO and PbO. It reacts strongly alkaline, 
expels ammonia from ammonium salts, and neutralizes acids. 


5. NITROGEN DERIVATIVES OF THE ALCOHOL RADICALS 

A I. MONONITRO-PARAFFINS AND OLEFINES, HALOGEN MONONITKO- 

PARAFFINS 

By nitro-bodies are understood compounds of carbon in which the 
hydrogen combined with the latter is replaced by the univalent nitro- 
group, NO2. The c:irbon is directly united to the nitrogen, as is shown 
by the reduction of the nitro-derivatives yielding amido-compounds: 

Rj®^0j-f6H = R.NH,+2H,0. 

In the aromatic series the hydrogen j,toms of the benzene nucleus 
are readily replaced bjj nifro-groups, c.g.: 

C,H,-fNOaOH=C,HBNO,-fH,0. 

Nitrobenzene. 

Comparative refractoifietric investigations have shown that the nitro-group in 
nitroethane, and that in nitrobenzene, do not have the same structure (Z. ph. Ch. 

552)* See B. 28 f R. 153, for the heat of combustion of the nitro-paramns. 

(z) Normal paraffins are very stable towards nitric acid (p. 77), 
and sure only acted on after prolonged heating at 130-140° with 
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the dilute acid, whereby substitution products result {Konowalow. 
B. 26 , R. 108; B. 28 , 1863; C. 1898, I. 926; 1899, 1 . 966, 1063; 
1902, 1 . 564; 1906, II. 312). 

Experience shows that, amongst the fatty bodies, the hydrogen 
atom which is attached to a tertiary carbon atom is more easily replaced 
by the nitro-group than that which is attached to a secondary carbon 
atom, and this, in turn, more easily than one attached to a primary. 
Amongst secondary compounds, that hydrbgen is the more easily 
replaced if its carbon atom is connected t^ a tertiary radical. Mark- 
ownikoff has expressed this in the following rule : In hydrocarbons 
that hydrogen is always more easily replaced wheij attached to a 
carbon atom which is affected by other carbon atoms (B. 33 , 1907), 

(2) A common method for the preparation of the mononitro- 
derivatives of fatty liydrocarbons—the nitro-paraffins—consists in 
heating the iodides of the alcohol radicals with silver nitrite (F. Meyer, 
1872) (A. 171 , 1; 175 , 88 ; 180 , in): 

C,H J+AgNOa -Catls.NO, + AgL 

The isomeric esters oi nitrous acid, such C^Hj.O.NO, are formed in this 
reaction (B. 15 , 1547)* From this wc would infer that silver nitrite conducted 
itself as if apparently consisting of AgNO, and Ag.O.NO. Potassium nitrite 
does not act like AgNO, (see Mode of Formation 3) (C. 1907, I, 235). It would * 
appear that the formation of esters is influenced by the production of alkylens, 
wluch afterwards form esters by the union with UNO, (A. 180 , 157; B. 0 , 529). 
Possibly the alkylogens unite directly with the nitrogen, or in consequence of 
an opening-up of the double N=:0 union. 

(3) Simultaneously with the discovery of method 2, Kolbe demonstrated that 
nitromcthanc resulted from the action of potassium nitrite on chloracetic acid. 
The first product in this instance was nitroacetic acid, wliich broke down into 
carbon dioxide and nitromcthanc (J. pr. CU. [2] 5 , 427) : 

CHaCl.CO,H-^ [CHs(NOa).CO,H]-^ CHjNOa+CO,. 

By the same method a-bromopropionic acid and a-bromobutyric acid are made 
to yield nitrocthanc and nitropropane, and so on for the series (C. 1900, I. 126). 

(4} The nitro-paraffins are also formed by oxidation of the nilroso-paiaffins 

(p.*i52). , 

(5) By a nucleus-synthesis: Zinc alkyls, acting on chloro- and bromo- 
nitro-paraffins, produce mononitro-parathns (B. 26 , 129): 

CHj.CHBrNO, CH3.CH(N02).CH3, Secondary Nitropropane. 

CCl3.NO, —C.NO, (0113)3, Tertiary Nitrobutanc. 

Properties and Reactions, —The nitro-paraffins are colourless, 
agreeably smelling liquids, which are sparingly soluble in water. They 
distil without decomposition, and only explode witli difficulty. Tiieir 
boiling points lie considerably higher than those of the corresponding 
nitrous esters (p. 137). 

The action of potassium and sodium hydroxides on the nitro-paraffins is to 
form salts when the NO, group^stands next to a hydrogen atom in the molecule. 
Similar action on the isomeric nitrous esters resq^ts in the production of alcohol 
and an alkali nitrite. * 

Victor Meyer, who discovered the nitro-paraffins and studied them closely, 
assumed that, in the salts, the alkali metal was united directly w'ith the carbon 
atom (A. 171 , 28, 48); whilst A, Michael (J. pr. (?h. (i 3 S 8 ). [2] 37 , 507) and 
later Nef (A. (1894), 280 , 263) showed it to be joined to an oxygon atom of the 
nitro-group. 

Potassium-nitroethane, CH.CHKNO, CH,.CH=NOOK. 

Acoordi^ to V, According to A, 
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f Xbe nitro*paraffins are converted by alkalis into isonitro-paraffins (also called 
oM-nitro-paraffins or nitronic acids), from which the salts are derived (compw 
p. 41). If a solution of such an alk^ salt is acidified, the isonitro-paraffin which 
IS first precipitated changes into the corresponding nitro-paraffin. A . F, Holleman 
(compare B. 83 , 2913) showed how this change could be followed by rapidly 
taken conductivity measurements, since the labile, salt-forming isoniti^body is 
an electrolyte, which turns into a stable, neutral, non-conducting nitro-compound. 
The rapidly falling conductivity runs parallel to the decolorization of the first 
formed yeUow solution. Hantzsch succeeded in isolating phenylnitromethane 
in both its forms—C,H,CH,NO, and C^H^CH: NOOH (B. 29 , 1223, 2251; 
C. 1897, 1 , 1054). , 

If a solution of an alkali salt of a primary nitro-paraffin is dropped into ic^ 
cold dilute hydrochloric acid, a small proportion is converted into a hydroxamic 
acid. For instandc, potassium pseudonitromethane changes into acetohydro- 
xamic acid {Bamberger, B. 35 , 49)- • 

By gradual reduction, the nitro-bodies {V. Meyer, B. 24 , 3528, 4243 ; 25 , 
1714) pass first into alkyl hydroxylamines (p. 171) and thep into primary 
amines: 


CHaNO,-CHj.NH.OH-CHaNH,. 

Nitrometbaae. Methyl Hydroxylamine, Methylamiue. 

The conversion of nitro-parafFns into primary amines proves, as indicated 
before, that the nitrogen of the nitro-group present in them is linked to carbon. 
For nitromethane we have the choice between the following formulae (comp. 
B. 29 , 2263): 

/OH CHj—NOH. 

CH>NO„ 

The varying behaviour of the nitro-paraffins with nitrous acid at the moment 
of its formation from potassium lulrite and sulphuric acid is very interesting, 
according as the nitro-group is linked to primary, secondary, or tertiary radicals. 
Primary nitro-compounds in the presence of. excess of potassium hydroxide 
give rise to an intense red colour due to a soluble, red-coloured alkali salt of a 
nitrollc acid, whilst the nitro-compounds of the secondary radicals yield a dark 
blue coloration, due to llic* ioimation oi a pseudo-nJtrole: 

r 

^OH 

CHa.CH,NOj+NOOH=CHa.C^ +H» 0 . 

^NO, 

Ethyl Nitrollc Atid 
(Ntlroacetoximc). * 

.CH,),CHN0,+N00H = {CHJ,C<^g^+H,0. 

Propyl Pscudoaitrol. 

The nitro-compounds of tertiary radicals do not react with nitrous acid. 
Since the alcohols easily form iodides which react with silver nitrate, the pre¬ 
ceding reactions serve as a means of distinguishing primary, secondary, and 
tertiary alcoholic radicals from one another (p. 109). 

Chlorine and bromine, actVng on the alkali salts of primary and secondary 
nitro-paraffins, produce chloro- and bromo-nitro-substitution products. In them 
the halogen atom occupies the same position as tnc nitro-group. 

Diazobenzene salts, activg the alkali salts of the primary nitro-paraffins, 
give nitrohydrazones (nitro-azoparaffins), «.g. nitroacetaldehyde hydrasone, 
CH,C(NOs): N.NHCfHg, results from potassium nitroethane and diazobenzene 
nitrate (B. 31 ,2626 ; see also Vol. II.). 

Primary and secondary nitro-paraffins unite with aldehydes in the presence 
of alkali carbonates to form nitro-alcohols. As many molecules of an aldehyde 
^Wute with one molecule of a nitro-paraffin as there are hydrogen atoms united 
^ the carbon atom to which the nitro-group is attached, I^e nitro-alcohols, 

obtained by this method, will be described with the polyatomic alcohols (C. 1897, 
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II, xooo). Nitromethane aod formaldehyde give rise to nitrobutyl glycmH, 
the oarent substance for the synthesis cd glycerol: ^ 

yCHjOH 

^ i^TT /^T.T 


NOjCH, ?«no,c^h!oh 

N:h,oh 


1.1- Halold nitro-paraffins also condense with aldehydes to form meso-halogen 
nitro-paraffins, which were described under the section of the nitrogen derivatives 
of the ketone>alcohols or ketols. 

For compounds resulting from the action of sodium ethoxide and the alkyl 
iodides on the nitroethanes, see B. 21 , R. 58 and 710. 

Zinc ethyl converts nitroethane into yS-ethyl yS-sec.-butyl hydroxylamine 
(B. 84 , 2500). 

Primary MononltropsrafDns : Nitromethane, CHgNOt, b.p. ioi®» is isomeric 
with formhydroxamic acid. Sodium and potdssium mtromethane explode with 
great violence when they arc heated; this also occurs when these substances, 
dried in a desiccator, come into contact with traces of water (B. 27 | 3406). When 
mercuric chloride acts on sodium nitromethane, mercury fulminate is produced 
(g.v.) (A. 280 » 275). By the action of potassium hydroxide on nitromethane or of 
hydroxylamine hydrochloride on sodium nitromethane, Methatonic Acid, 
CH,; N( 0 ).CH : N( 0 ) 0 H, m.p. 79“, is formed. It is a mono-basic acid derived 
from formic acid (B. 84 , 867). Nttroe/kane, CHjCH,NO, b.p. 113®; reaction 
between the sodium salt, CHsCH: NOONa, and benzoyl chloride leads to the 
formation of benzoyl acetohydroxamic acid, CHj.C(OH)NO.COC,H,, and not 
to the expected benzoyl isonitroethane (C. x8gS, I. 564); i-Nitropropane, 
CH*,CH,,CHaNO,, b.p. 130*’: i-Nitro-n^-hutane, CH,.CH,.CH,.CH,.NO,, b.p. 
151®; Nitrotsobutane, (CH j),CII.CH,NO*, b.p. X37“i4o®; Niiro-n.’-cctans, 
CH,.[CH,],.CH,.NO„ b.p. 205-210®. 

Secondary Mononitroparallins : Isonitropropane, (CHa)|CHNOt, b.p. xi8®; 
Secondary Niirobutane, b.p. 138®. 

Tertiary Mononitroparaftins : Tertiary Nttrobutane, (CHJ«C.NO„ b.p. 126®; 
a-NttrO’^-Methyl (CH.JaC(lsO*)Can,, bp. 150® (C. 1903, I- 

Nitro-olefines. —Nitro-alcohols, obtained by the condensatiipn of aldehydes 
with nitromethane (comp. p. 150), give up water under the’ action of zinc 
chloride, and form nitro-olehnes, RCH: CHNO*; Niiroisohexylenc (CH,), 
CHCHjCH : CHNOg, b.p.,o 80® ; NUro-octyUne, C«Hi|CH : CHNO*. b.p.j, 114®. 
Ntirotsobuiylene, (CHJC: CHNOs, is prepared by the action of fuming nitnc 
acid on isobutylene ; and also by the abstraction of CO^ by alkali from dimethyl- 
a-nltroacrylig acid. Reduction of the nitro-olefines results in the formation of 
the oximdS of the paraffin aldehydes (p. 152) (C. 1903, II. 553). 

Nxtropropylene, CH, : CH.CHaNO,. b.p.i,, 88® (C. 1898, I. 192). 

Halogen Nltro*compQunds result (1} from di-balogen paraffins in which two 
different lialogen afoms are attached to two C-atoms in the same chain, such as 
CH,Cl.CH,.Cll,Br. reacting with a mono-molecular quantity of silver nitrate ; 
(2) from nitro-paraffins and Cl or Br : (3) from nitro-alcohols and PCI,. These 
substances are acidic in character when a H-atom is united to the same C-atom 
as the nitro-group. The remarks which have been made on the constitutfon of 
the salts of the mononitro-paraffins hold good for the salts of the halogen-nitro¬ 
compounds (p. 149). 

Chloronitromethane, CH,C 1 N 0 „ b.p. 122®; Bromonitromethane, b.p. 146® 
(B. 29 ,1823); Dxbromonxtromcihane (B. 29 , 1824). 

1 . 1 - CMotonitroethane, CH,.CHClNO,, b.p. ^24®; x,i Bromonitroethane, 
b.p. 146®; 1,^-Chloronitroethane, C 1 CH,.CH,N 0 „ bp. 173*; i,i,i-Dibromo» 
nitroethane, CH,.CBr,NO„ b.p. II65®. 

1 . 1 - Chloronitropropane, CH,CH,CHaNO„ J>.p. 141® ; j,uBromonitro^ 

propane, b.p, 165®; x-Nitro-i-cMoropropane, b.p. 172®; i-Ckloro-a-nitrO'- 
propane, b.p, 170®; 'i^CHoro-'ynitropropane, b.p. 197®; a,‘i-ChloYQmtropropanc, 
CH,CCl(NO,).CH,, b.p. 133*; x,a^BromonitropropaHe, b.p. 165®; x,x,x« 
Dibromonitropropane, b.p. 185 . ® 

Nitrotfiiodoethylene, CI,:CINO„ m.p. 109®, and DimtrotriiodoethyUns, 
KO,CI: CINO,, result from the action of fuming nitric acid or N,Oa on diiodo- 
acetylene and tetraiodoethylene respectively (B. 88, 2190). 

Following the scheme on which this work is planned, the nitro-halogen 
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compounds should take their places after the aldehydes, ketones, carboxylic 
&cids and glycols, according to the position of the substituting atom and group. 
It is, however, more convenient not to divide them in this way, except to deal 
with Nitrochloroform (Chloropicriu), CCljNO,, and Nitrobrotnoform (Bromopicrin) 
in conjunction with CCl4,CBr4,Cl4. 

The halogen atom in chloro* and bromo-mononitroparaffins can be replaced 
by alkyl groups by the action of zinc alkyls, whereby a homologous series of the 
mononitroparaffins can be built up (p. 149). 


A 2. NITROSOPARAFFINS; HALOGEN-NITROSOPARAFFINS, 
PSEUDONn*ROLES; NITROLIC ACIDS 


The niiroso-grottp, —NO—, giv£s its name to those substances which it charac* 
terizes—the m^roso-compefands. Primary and secondary nitrosoparafhns cannot, 
as a rule, be isolated (comp. B. 35 , 2323), since substances of the composition 
RCH4NO and R3CH.NO possess a great tendency to transformation into tso- 
Mi/roso'bodics RCH : NOi^-I or aldoximes and hetoximes, R,C: NOH. 

Tertiary nitrosoparaffins, on the other hand, are stable and are obtained by 
oxidation from ^-alkyl-hydioxylamines (p. 171). , 

The ketoximes, RjC ; NOH, such as acetaldoxime, CH,CH : NOH, are changed 


by chlorine or bromine into chloro- or htor.to-nitrosoparaffinSy by 

NjO* or nitric acid into nitronitro.soparaffins, The latter, also 


known as pseudonitroles, are also obtained (p. 150) by the action of nitrous acid 
on the secondary nitro-bodics, whilst the primary compounds yield nitrolic acids, 

under the same treatment. These substances are desmotropic, and 


can also be formulated as nitrosonitronic acids, 

The nitrolic acids occupy a position after the monocarboxylic acids, into wlvch 
they readily change, as well as the amidines, amidoximes, etc. : 


CH.C<gjj 
Acetic Acid. 


CH CH.C 


‘NH 
Acetamidiae. 


NOH 
NH* 

Etbenyl Amidoxitne. 


^TT p^sNOH 
Etheayl Nitrolic Acids. 


The mesohalogen-nitrosoparaf&ns and the pseudonitroles lake their places 
systematically after the ketones, from the oximes of which they can also be 
prepared, and into which they easily change : • 

(CHJjCO (CHJ,C:NOH (CHJ,C<gg 

Acetone. Acetoxime. Me&obrorao’ propyl Pseudonitrole. 

nitrosopropane. , 


However, on account of their connection with the nitro- and nitroso-compounds 
these substances will be considered with them. 

Nitrosoparafiins. —The direct production of these bodies from the paraf^ns 
has not yet been brought about. Reduction of the nitroparaffins docs not yield 
nitrosoparaffins, but a series of other bodies. Careful reduction gives rise first 
to ^-alkyl hydroxylamines, Alk.NHOH, which will be examined later together 
with other alkyl hydroxylaminc derivatives (p. 171). But the tert.-alkyl 
^-hydroxylamines yield nitrosoparaffins by oxidation with chromic acid 

(B. 81 , 457) : r. 

R»C.NO,-R,C.NHOH-^ RaC.NO, 

The alkylamines, possessing a tertiary alky^ group, yield tertiary-nitroso- 
paraffins when oxidized by jiersiionosulphuric acid, with the intermediate 

formation of fi-sdkyl hydroxylamines : 

RaC.NH,-^ RjC.NHOH-R,C,NO. 

^ Sec.-alkyl ^-hydroxylamines are converted by oxidation into ketoximes or 

isonitrosoparaffins (p. 151), whilst the primary compounds yield hvdroxamic 
acids (B. 86,701). r j ^ 

Nitroso-compounds are colourless crystalline bodies, having an odour of 
camphor, and are very volatile. In the solid state they exist as double molecules. 
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which are dissociated hy heat or solution into the intensely blue coloured mono* 
molecular condition. This phenomenon can be observ^ in many complex* 
nitroso-bodies (B. 86» 3090). Sunlight retards this dissociation (comp. p. 61), 
Nitroso-bodies on oxidation yield nitro-compounds. 

NiirosO’-Urt.-butane, (CHs)3C.NO, m.p. 76'’, melts in a closed capillary tube to a 
blue liquid, which, on solidification, forms colourless crystals. Nitroso-terl.-pentane, 
CjHjCfCHajaNO, m.p. 50®, is prepared by the oxidation of tert.-butyl and amyl- 
amine. Nitrosooctane, (CHa)aCHCHaCH3C(CHa)tNO, m.p. 54®, results from the 
reduction of nitrooctane. 

meso-Hahgen-nitrosoparaffins are prepared by the action of chlorine and 
sodium hydroxide (C. 1906, 1 . 1692), or of bromine and pyridine (B. S 5 » 3092) on 
ketoximes (see above, p. 151): 

(CH.) .C<NO (CH J ,C=NOIJ (CH J 

They are blue, very volatile bodies, of a sharp odour, and are easily decomposed. 
Oxidation changes them into halogen-nitro-bodies (p. 151); with silver nitrite 
they give ri.< 5 C to the psuedonitroles (see below). » 

mvso-Chloronitrosopropane, (CH5)2CC1.N0, b-p.^ 7®, is formed from (CH|)|- 
CNOH and NaClO. An excess of the latter forms chloronitropropane (p. 151). 
Bromonitrosopropane, b.p.,* j 41 *5®. Bromonitrosobutane, C,H5C(CHa)Br.NO, 
b.p.,5 28®. Bromonitrosodimethyl Butane, (CHj)aC.C(CH3)Br.NO, m.p. 120®, 
with decomposition, form sky-blue crystals whicji can be sublimed. 

1,1-Chloronitrosoeihane, CH3CHCl.NO, m.p. 65®, is prepared in a hydro¬ 
chloric acid solution from acetaldoxime, CH3CH : NOH, and chlorine. It changes 
on fusion from colourless (dimolccular) plates, to a blue (monomolecular) liquid. 
This soon becon^cs colourless, owing to an isomeric change to acetohydroxamyl 
chloride (y.v.) which yields i^i^i-Dichloronitrosoethane, CHj.CCl,.NO, a blue- 
coloured oil, b.p. 68®, by the further action of chlorine (B. 35 , 3113). 

Pseudonitroies or mcso-NltronitrosoparalDns. As already described, the pscudo- 
nitroles are prepared: 

(1) By the action of nitrous acid on sec.-nitroparaffins (p. 151) ; 

(CH,),CH.(NO,)+NO.OH=(CH,),C<^^>+H, 0 . 

(2) From meso-halogcn-nitrosoparaffins and silver nitrite: 

(CH J +AgNO, = (CH,).C<^g*+AgBr 


a mdthod indifating its nitroiiitrosoparafhn constitution (B. 35 , 3093). 

{3) By*lhc action of N1O4 on the ketoximes (see above, halogen-nitroso- 
paraliins), which is the simplest method of preparation (B. 34 ,1911) : 

4 (CH,),C:NbH + 3N,04=4(CH,),C<JJg*+2H,0+2N0. 


The pseudonitroies are pungent, colourless crystalline substances, dimolecular 
when in the solid state. On melting or solutibn they change into the deep blue 
monomolecular form (B. 35 , 3094). They possess a neutral reaction, and are 
insoluble in water, alkalies, and acids. Chromic acid oxidizes them in glacial 
acetic acid solution to Dinitro-bodies. Reduction with hydroxylamine in alkaline 
solution changes the p.seudonitroles into ketoximes (B. 29 , 88, 98), 

Propyl Pseudonitfole, Nttronitrosopropane, (CH,),C(N03)N0, m.p. 76®* with 
decomposition, is changed by NH3OH into Tetramcthyl Dinitroasoxymelhane, 
/N.C{NOd(CH3)3 

On. I (B. 84 , 1913)* Butyl Pseudonitrole, 2,2^Nitronitro$obulane, 

\N.Cpo.)(CH.), 

m.p. 58 . For the higher homologues, see B. 29 , ^ ; « 65 , 3095. 

Nitrollc Acids.—As has already been described (p. 151), the nitroUc acids 
result from (i) the action of nitrous acid at the moment of its formation on the 
primary mononitro-compounds. (2) A more direct reac^on is that of ^z-isonitroso* 
carboxylic acids with N1O4, during which COa is eliminated (C. 1903* 932 ) - 


^OH ^OH 

HCf +Na04=oHCf +COa+HNOt. 
XOOH ^NOa 
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f ^3) They can also be obtained from dibromomononitroparaffins and hydro- 
xylamine; 

/NO, 

CH,Br,.NO,+NH,OH*=CH,.C 4 +2HBr. 

^NOH 

Thus, they are to be considered as being nitro-oximes, but may be desmotropically 
connected with the nitronitroso-bodies : 


*^^NOOH 


or RCH<N0. 


The nitrolic acids arc solid, crystalline, colourless, or faintly-yellow coloured 
bodies, soluble in water, alcohol, ether, and chloroform. They arc weak acids, 
and form very explosive salts with alkalis, yielding at the same time a dark-red 
colour. The erythronitrolic acid salts are changed by the action of sunlight 
and of heat to the colourless leuco*nitrohc acid salts (B. 31 , 2854). They are 
decomoosed into hydroxylaminc and the corresponding fatty ^cids by tin and 
hydrochloric acid. When heated with dilute sulphuric acid they split up into 
oxides of nitrogen and fatty acids. They are converted into esters when treated 
with acid chlorides (B. 27 , x6oo; 29 , 1218). For further reactions, see the 
derivatives of the fatty acids. 

/NO, 

Methyl Nitrolic Acid, CH^ » ni.p. 68* with decomposition. 

^NOH 


Ethyl Nttroltc Acid, CH,.C^ , m.p. 88* with decomposition. 

^NOH 

/NO, 

Propyl Nitrolic Acid, , m.p. 60* with decomposition. 

^NOH 

I 

Appendix. Nitroalhyhsonitramines, such as nitroethylisonitramine, 
CH,CH(N 0 ,)N, 0 ,H. result from the passage of NO into an alcoholic solution of 
an aliphatic mononitro-body, with the addition of sodium cthoxide (A. 300 ,106). 

Dttsonitramines, such as Methylene Dtisonitramine, CH,(N,02lf),, result 
from the action of NO, m the presence of sodium ethoxide, on an alcoholic solution 
of a jeetone which contains the CO group attached to a methyl or methylene 
group (A. 300 , 81). 

A 3. Dinltroparaillns.—There arc three classes of dinitropfta^ns; the 
two nitro-groups may be joined— 

(1) to one terminal carbon atom: oix’dirntroparaffins or piimary dinitro¬ 
compounds ; * • 

(2) to an intermediate carbon atom; mesodtmtroparaffins or secondary 
dinitro-compounds; 

(3) to two different carbon atoms. 

These three classes, according to the position of the groups, bear the same 
relations to aldehydes, ketones, and glycols as do the mononitroparaffins to the 

alcohols: 


NO, 


CH,OH 

CHO 

CO 

/CH,OH 

1 

1 

A 

CH,/ 

CH, 

CH ,4 

CH,CH, 

^CHj*OH 

CH,NO, 

CH, 

CH(NOJ, 

CH% 

C(Nqi), 

A 

CH,CH, 

.CHjNO, 

CH,/ 

x:h,no, 


Notwithstanding these points of relationship, it is practicable to discuss the 
dinitroparaffins after the hromonitro- and nitrosonitro-bodics (pscudonitrolos). 

Formation, —(i) By the oxidation of the pseudonitroles with chromic acid 
mesodinttfopMraffins are produced: 


(CHJ.C<Ng« 
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(3) They result from the interaction of potassium nitrite and the bromo-, 
nitroparafiins: 

^ wo wo 

CH,CH<g^*+KNO,«CH,.CH<^ 5 |+KBr. 

(3) By the action of concentrated nitric acid on 

(a) secondary alcohols, 
ketones, 

{c) mono-alkylized acetoacetic esters, 

the carbon chain is tom asunder and Wf-dinitroparaffins are formed (C. 190Z, 

II* 334) : - 

(C,H,),CHOH->.cA,.CH(NO,), 

(CjH,),CO- ^ CH,.CH{N 05 ), 

CH,CO.CH(C,H,)CO,C,H,->-jCH,.CH^.CH(NOJ,. 

The action of iodoalkyls on the salts of the primary dinitroparaffins results 
in the production of xncsodinitroparaffins (comp. A. 280 , 282). 

(4) By the oxidation of saturated monocarboxybc acids, containing a tertiary 

Carlin atom, with nitric acid: isobutyric and isovaleric acids yield mesodiniiro* 
propane : , 

(CH,)jCHCO,H (CH JgCH.CH,.CO,H-(CH J,C(NOJ,. 

Tbc primary dinitro-bodies are acids in wbibb the group CH(NO|)a changes 
into C(N 02 ) : NOOH. The primary and secondary classes lose hydroxylamine 
when they are reduced with tin and hydrochloric acid. The former yield, at the 
same time, monocarboxylic acids, and the latter ketones (B. 23 , 3494). 

Dinitromethane, CH|(N03)|, is a colourless volatile oil (B. 32 , 624). 
niiroethane, CH,CH(N02)j, b.p. 185-186® (formation, comp. p. 156, Tri- 
nitroethane), i^i-Dimiropfopane, CH2CH,CH(NO,),, b.p. 189®; x.i^Dinttro- 
hexane, b.p. 212® ; 2.2~Dtmtropropane, CH2C(NO*)2CH8, m.p. o 3 ®, b.p. 185-5®: 
2,2-Dimtrobutane, CHjCH8C(NOJj.CH 8, b.p. 199®. For higher homologues, 
see B. 29 , 95. Di-tert.-i,2-dinitropiirafiins are obtained by the action of finely 
divided silver on the mesobromonitroparafiins (p. 152); 

2R2C(NO*)Br+2Ag=R2C(NOJ.C(NOa)R,+2AgBr. 

Tetramethyl~i,2-dtnitroethane, (CHj)jC(N02).C(N0|)(CH8),, m.p. 3II®, «can 
be qbtained by heating diisopropyl with dilute nitric acid (comp, also p. 148); 
and by eleotreiysis of the potassium salt of sec.-nitropropane. Dxmethyldiethyl-t, 
2-dimtroeihane, m.p. 80®, is prepared from 2,2-bromonitrobutane (C. 1907, 
I. 230). x,^-l)intiropropane, NO2CH2CH2CH2NO2, is obtained as an unstable 
oil fiom trimelhylene iodide and silver nitrate. Xt4^Dintirodiisobutyl, 
N02C(CHa)aCH2CH2C(CHa)aN02, m.p. 125®, is prepared from diisobutyl by heat¬ 
ing it with dilute nitric acid. i, 6 -Dtnitrodttsoamyl, (CHa)9C(NOj)[CH2]4C(NOj)- 
(CHa)2, m.p. 102®, is similarly prepared (B. 25 , 2638; 28 , 1S58; C. 1906, II. 
312 et seq ). These dinitroparaffins yield the corresponding diamines when 
reduced. 

Polynltroparafilns. Trtnitromethane» Nitroform, CH(NO|)a, m.p. 15®, was 
first prepared by the action of water on trinitroacetonitnle, which gave at 
the same time CO, and ammonium isonitroform. It is also prepared from 
tetranitromethane by the action ot alcoholic potassium hydroxide or ammonia 
with the simultaneous production of ethyl nitrate : ® 

C(N 0 A,.CN- 1 - 2 H ,0 ^ (NOa)tC==NOONH4-f-CO,. 

C(N04)4+C2H,0K = (NOg)4C=NOaX-bC,H40.NO,. 

It also results from the interaction of acetylene (p. 88) and nitric acid. 

It forms colourless crystals, dissolving to a colourl^s solution in non-aqueout 
solvents, but turning yellow in water. The salts are also of a yellow colour, and 
are probably derived from isonitroform (NO4)4C=N00H (p. 150). In non¬ 
dissociating solvents a colourless mercury salt, (NO,),C.iHg, is formed, but in 
dissociating liquids this exists as (NO,)4C=NOO.|Hg (B. 38 , 973 )* Thus, in 
water it assumes the iso- or art- condition, and is a very strong mono-basic acid« 
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Free trimtFomethene is volatile in steam, and explodes violently on heating. 
^The ireshly prepared potassium salt explodes at 97-99*’. and spontaneously 
decomposes, on keeping, in dry air. The ammonium compound crystallizes in 
yellow needles, and explodes mildly at 200**. The silver salt dissolves easily in 
water and in alcohol (B. 32 , 628). 

Tfinitroethane, CHtC(NO|)a. nl.p. 56°, is obtained from the silver compound of 
trinitromethane and iodomethane; and also from methylmalonic acid and nitric 
acid. It is insoluble in water. Potassium hydroxide solution changes it into 
potassium dinitroethane, whilst potassium methoxidc produces dinitroethyl 
methyl ether, CHaOCH,CH{NO,), (B. 36 , 434). 

Bromoniiroform, Bromotrinitromethane, C(NOJjBr, m.p. 12®, is produced 
when bromine and nitroform remain in contact for some days in the sunlight. 
A quicker method is to pass bromine into an aqueous solution of the mercury 
salt of nitroform. It is volatile in steam without decomposition. 

Tetranitromethane, C(kOj)4, m.p. 13®. b.p. 126®, — ^’^5* obtained from 

diacetyl orthonitric acid and acetic anhydride (B. 36 , 2225); also by warming 
nitroform with a mixture of fuming nitric acid and sulphuric acid. It is a 
colourless oil; insoluble in water, but easily soluble in alcohol *and ether. It is 
very stable and distils without exploding. For its transformation into trinitro- 
methane, see above. * 

Tetranitroethane is obtained as a dipotassium salt. KOON : C{N04).C(N0,) : 
NOOK, from bromopicrin, CBr^NO,, and potassium cyanide. It is decomposed 
by cold dilute sulphuric acid, forming dinitromethane (B. 36 , 4288}. 


B. ALKYLAMINES AND ALKYL AMMONIUM DERIVATIVES 


Alkylamines are substances formed by replacement of the hydrogen 
atoms in ammonia by alkyl groups. 

According as one, two, and three atoms are substituted, there? 
result the primary, secondary, dXidiiertiary amines : 


/C.H, 

N^H N^CH, 

EthyUouae. Dieibylamine. Mclhyl 


Ethylaminc. 


/C,H. 

n~c.h. 

TriethyUfunic. 


/C.H, 

\CH, 
Mrthyl Rihyl- 
I^opylamme. 


These are also sometimes called amide, imide, and nPLsile bases. 
Among the secondary and tertiary amines, may be distinguished 
simple amines, those with similar alcohol radicals* aijd mixed amines, 
those containing different alcoliol radicals (comp, simple and 
mixed ethers, p. 125). Derivatives also exist which correspond 
with the ammonium salts and hypothetical ammonium hydroxide, 
NH4OH: 


(C,H,)4Na. 

Tetraethyl Ammunmm Chloride. 


(C,H,),N.OH. 

Tetraethyl Ammonium Hydroxide. 


known as the quaternary alkyl ammonium compounds. It must be 
noticed that the words primary," “ secondary," and “ tertiary " when 
applied to alcohols (p. loi) carry different meanings than when em¬ 
ployed with amines, wheie they indicate the number of alkyl-sub¬ 
stituted hydrogen atoms in an NHs-group. When considering the 
close connection betwc;en alcohols and amines (comp. pp. 104, 163), 
this might lead to confusion. 

Isomerism of the Alkylamines ,—The isomerism of the simple alkyl¬ 
amines depends on the homology of the alcohol radicles, metamerism; 
and in the higher alkylamines, in addition, on the different position 
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of the nitrogen in the same carbon chain, isomerism of position: andi 
also on the different manner of linkage of the carbon atoms of the 
isomeric alkyl residues, nucleus isomerism (p. 25). 

There are eight known isomers of C4H11N: 



[C 4 H 1 


C.H, 

N' 


N CH, 

N C,H, 


H 

Ih 

|h 

Isomeric Butyl- 

2 Isomeric Propyl 

Diethylaittiae, 

amines. 

Mcthylamines. 



jCgHi 

N{CH,. 

ICH, 

Ethyl Dimcthylamine. 


History .—The existence of alkylamines, or alcohol bases, was very definitely 
predicted by Liebig in 1842 (Hdw. 1 , 689). In 1849 discovered a method for 
the preparation of primary amines, which consisted in decomposing isocyanic ester 
with aqueous potassium hydroxide. This was a discovery of the greatest import¬ 
ance for the development of organic chemistry. Shortly afterwards, in 1849, A. W, 
Hofmann, by the action of alkylogcns on ammonia, discovered a reaction which 
made possible thb preparation of all the classes described in the preceding para¬ 
graphs : primary, secondary, tertiary amines, and the alkyl ammonium bases. 
This afforded the experimental basis for the introduction of the ammonia type into 
organic chemistry (comp. p. to). Since that time numerous other methods 
have been found, particularly for the primary amines. 


The following general methods are the most important for preparing 
the above compounds: 

(la) Tiie iodides, the bromides, or the chlorides of the alcohol 
radicals arc heated to 100°, in sealed tubes, with alcoholic ammonia 
{A. W. Hofmann, 1849). Two reactions occur here: first, the alkyl- 
ogens combine with the ammonia, forming alkyl ammonium salts, 
which are then partially decomposed by excess of ammonia into 
alkylamines, to which alkylogens again unite themselves— e.g.: 


NH,-l-CaHJ==NHa(C2H5)HI =* ^ -fNHJ. 

NH,CjH,+C,H,I-NH(C,U 5),HI NH(C5H,)j+NH4l. 

Nil 

NH(C2H6),+C,H,I=N(C,Il5),HI N(C,HJ, +NH4I. 

• N(C^H4)a+C,H,I-N(C,H4)4l. 


The final product consists of the hydroiodides of primary, second¬ 
ary, and tertiary amines, i.e. the amide, imide, and nitrile bases, 
as w'ell as the quaternary ammonium compounds. The amines are 
best obtained on a large scale by the action of ammonia on the 
alkyl bromides (B. 22 » 700). 

Potassium and sodium hydroxides decompose the salts of the 
amine, imide, and nitrile bases, with the liberation of the free bases, 
whereas the quaternary tetra-alkyl ammonium salts are not decom¬ 
posed by alkali hydroxide, and can thus be easily separated from the 
primary, secondary, and tertiary amines (B.*20, 2224). 

It is remarkable that the prinary and secondary alkyl iodides yield amines, 
whilst the tertiary alkyl iodides split off hydrogen io^de and pass into olefines. 
On the further alkylation of primary and secondary amines by means of bromo- 
alkyls, see B. 88,1539. 

(16) The esters of nitric acid, when heated to tool with alcoholic ammonia, 
react in a manner analogous to the iodoalkyls : 

C.H.O.NO, -i-NH, =C,Hj.NH, +HNO,. 

This reaction is often very convenient for the preparation of the primary 
amines (B. 14 » 421). 
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4, Tgrttofy amines are produced when primaro and secondary bases are 

heated with an excess of potassium methyl sulphate (B. 24 ,1678): 

(C,HJ,NH+CH,OSO»K=(C,H5),NCHj+HOSO,K. 

(id) Mono-, di-, and tri-alkylamines are obtained by directly heating the 
alcohols to 250-260" with zinc-ammonium chloride, ZnClj.NHa (B. 17 , 640). 

(jf) The methylation of ammonia and amines can easily be carried out by 
means of two reagents—dimethyl sulphate (p. 138) and formaldehyde (p. 197) 
(comp. B. 88,880; A. 827 , J04; C. 1906, II. 1716), e,g .— 

NH,+(CH,),SO.i--'->-NH,.CH,+H(CHJSO.. 

120 * 

2NH4Cl-f-9CHjO-y 2N(CH8)5.HC1-|-3C0,-}- iHjO. 

(2) They are also formed by the action of nascent hydrogen (HCI and Zn) on 
the nitro-parafiias (p. 150), when the alkyl hydroxylamines appear as intermediate 
products; also on the halogen mono-nitro-paraflins : 

CH,KO,+ 4 H=CH,NH 0 H-|-H, 0 . 

CH,.NO,+ 6H=CH3.NH, -f2H|0. 

CC 1 ,N 0 ,+I 2 H=CHjNH, + 2^30 \- 3 ,HCI 

This method is particularly important in the manufacture of commercially 
valuable primary amines— e.g. aniline, —from the readily accessible 

aromatic nitro-bodies. Zinin discovered the method when investigating the 
reduction of nitrobenzene, C3H5NO3, and V, Meyer applied it to the aliphatic 
nitro-derivatives. 

(3a) By the action of sodium in absolute alcohol on the aldehyde-dlhylimides 
(B. 29 , 2x10); (36) when zinc dust and hydrochloric acid are allowed to act on 
aldehyde-ammonia derivatives (B. 27 , R. 437) ; (3c) from the pkenylhydrazones 
{Tafel)» and (3<f) the oximes {Goldschmidt) of the aldehydes and ketones by means 
of sodium amalgam and glacial acetic acid (B. 19 , 1925, 3232 ; 20 , 505; 22 , 

1854) : 

(CHj) 3CH.CH«N(CH3) -|-2H = (CH3)3CH.CHj.NHCHg. 

(CH3).CH : N—NH.C4H5-i-4H=CH3.CHaNII, +C4H.,NH,. 

(CH3),C : N—NH.C.Hg 

(CH3),C : N—on -f-4H = (CHj)jCHNH,-f H3O. 

Reaction 3a yields secondary amines, whilst 36, 3f. and give rise to primary 
amipes, together with some secondary and tertiary amines. The above reactions 
can be carried out with molecular hydrogen in presence of hnoly divided nickfl or 
copper (C. X905, II. 540); also by electrolytic hydrogen in acid solu^inn (C. 1906, 

n. 1539)- 

(30) Connected with these latter methods of formation is that of primary 
amines, accompanied by secondary and tertiary, from aldehydes and ketones by 
ammonium formate (A. 843 , 54) : 

(C,H3),C«0-hHC03NH3-:(C3H,)aCH.NH3+C0,H-H,0. 

(4) The reduction of acid amides with hydrogen from boiling amyl alcohol and 
sodium (C. 1899, 11 . 703) gives a primary amine : 

CH3C0NH,4-4H=H,0+CJl3CH,NH, 

Acetamide. Etbylamiae. 

(5) By action of uascent hydrogen (from alcohol and sodium, 

B. 18 , 2957; 19, 783 : 22, 1854) on tl^ nitriles or alkyl cyanides 
{Mendius, A. 121, 129): ^ 

HCN+4H=Cn,NH,; CH 3 .CN-i- 4 H=«CH 3 .CHa.NH,. 

Methylamine. Acetomtrile. Ethylamine. 

This reaction constitutes an important intermediate factor in the synthesis of 
both alcohols (p. 105) and amines. 

(6) If the isocyanides of the alkyls, the isonitiiles, or carbylamines are heated 
with dilute hydrochloric acid, formic acid is set free {A. W. Hofmann ): 

CgHg.NC+2H3O ^-CgHj.NH* -f-CHgOg. 
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(7a) The esters of isocyanic or iso<yanurtc acti may be distilled with < 
potassium hydroxide {Wurtz, 1848): 

CO. N CH,+ 2 K 0 H-iNH, ch,+k.co. 

Cyanic acid is changed to ammonia in precisely the same manner: 

CO NH+ 2 K 0 H«NH,H-K,C 0 , 

To convert alcohol radicals into coriespondmg amines, the iodides are heated 
together with silver cyanate the product of the reaction is then mixed with 
powdered sodium hydroxide, and distilled in an oil b^h (B 10 , 131) 

(yb) The tsothtocyamc esters or the mustard otlsi etc . arc also broken down 
into primary amines when heated with water or dilate acids 

CS NC,Hb+ 2 H, 0 =C 0 ,+H,S+C,H,NH, 

The isocyanic esters and the isothiocyamc esters o^ mustard oils are alkyl 
derivatives of the imide of carbonic acid and thiocarbonic acid 

(yc) 1 he alkyl compounds of the tmtde of o-phthcUic acid [qv) have been 

found to be well adapted for the preparation of primary amines They are 
readily prepared &v acting on potassium phthahmide wfth alkyl iodides. and, 
when heated with potassium droxide or acids, they separate into phthalic acid 
and primary amines (Gabriel fiO, 2224 24 , 3104). 

C.H«{Wg>NK C.H.IgCO>N C.H, 

C*H.{[2j['8>NC.H,+2KOH=C.H«{gCg|f+C,H.NH, 

(yd) Secondary amines result together with benzene sulphochlonde. from 
the breaking down ol a molecule of dialkylammcsulphonicacid which is obtained 
from chlorosulphonic acid and benzene sulphonic dialkylamide, CgHsSOiNRi 
(C rooo I 524) 

(8) By the distillation of ammo carboxylic acids, especially with barium 
hydroxide. 

CH, CH,NH,+CO, 

Alanine Ethylanune 

(9) The decomposition oi the secondary and tertiary aromatic p-rntro^amines 

into salts of nttrosopkenol (qv) by moans of potassium hydroxide, affords a 
means of preparing piimary and secondary amines. p-mtrosodimethylamlme 
yields dimethj lamine , 

. NO[4]C,H4[i]N(CH,), + KOH=.NH(CH,)3,+NO[4]C,H4[i]OK 

(10) The tonver‘5ion of the amides of the monocarboxyhc acids into 
amines containing an ^itom less of carbon {A. W Hofmann, B. 18,2734, 
19 , i822},canbLtiR( tcdb> meansofpotas mm hydroxide and biomine. 

This reaction constitutes an intermediate step m the decomposition of the 
saturated monocarboxyhc acids, because the primary amines can be changed to 
alcohols and the lattei be oxidized to carboxylic acids, containing an atom less 
of carbon than the fatty acids whose amides constituted the parent substance 


The reaction proceeds in four stages. The first is the formation 
of the “ bromamide ” of the fatty acid, which, in the second stage, 
forms a salt with potassium hydioxide, in th^ third, Br splits off and 
atomic rearrangement leads to the foimation of an alkj.1 isocyanate, 
which, lastly, is broken doi'm by excess of alkali into the pnmary 
anune and potassium carbonate (B. 86, 357^, ^ pr. Ch. [2] 73 , 228 , 
C. 1903, I, 489): 

I C,H,CONH,+Br, + KOH =C,H,CONHBi + KBr+H, 0 . 

II CjH.CONlIBi f-KOH =C,H,(OK) NBr+H ,0 

C,H. C OK CO 

III II = II -t KBr 

BrN C,H,N 

IV. C,H,NC 0 + 2 K 0 H=C,H,NH,H k,co. 
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b The bromamide and the alkyl isocyanate can both be isolated under special 
conditions. 

If one molecule of bromine acts on two of the amide, compound ureas (f.v.) 
are formed—acetamide yields acetyl monomethyl urea. 

The amides of the fatty acids containing more than 5 ('-atoms yield at the same 
time an increasing quantity of the nitrile of the next lower acid, e.g. CgH|fCONH| 
gives C,Hi,.CN. If, however, the higher bromamide or chloramide is converted 
by sodium metboxide into the corresponding urethane and the latter is hydrolysed, 
a good yield of the higher p-imary amine is obtained (B. 80 , tigS ; C. 1899, II. 363). 

(lOfl) The above described Hofmann rearrangement of the bromamide is very 
similar to the Beckmann rearrl.ngement of ketoximes (p. 227), from which primary 
amines can also be obtained: 


• C,H,CCH, 0 0 :CCH, HOCOCH, 

II -^ I -^ + 

HON CaH 7NH CaH ^NH,. 

Propyl methyl Propyl PropyUmine. 

Kct£>xime. Acetamide. 

Another related reaction is the transformation of hydroxamic acids (compare 
Benzhydroxamic acid, Vol. II.). Similar, too, is (106) the formation o£ primary 
amines from acid-azides and alcohol. The corresponding acid is converted into 
its ester, the ethoxy-group is then replaced ith (NH.NH*) by means of hydrazine 
hydrate, the acid-azide, R.CO;NH.NHa, is changed by nitrous acid into the 
azide R.CO.Nj, which is boiled with water or alcohol, and the resulting urea or 
urethane acted on with concentrated hydrochloric acid, when the alkylized 
base is liberated (Curhus, B. 27 , 779 ; 29 , ii6b). 

f* H OH H(_ 1 

R.CO.N, R.NH.CO.OC',H,-V R.NH,. 

Properties and Reactions of the Amines .—The amines arc very 
similar to ammonia in their behaviour. The lower members are gases,, 
possessing an ammoniacal odour, and are very readily soluble in water. 
Their combustibilit}'' distinguishes them from ammonia, a property 
to which Wiirtz drew attention in connection with cthylamine (B. 20 , 
R. 928). The higher members are liquids, readily soluble in water, 
and only the highest dissolve with difficulty. Many amines possess 
the power of forming hydrates with water, accompanied by -very 
considerable rise in temperature. They can be dried ovef potassium 
carbonate. Most of the oily hydrates contain one molecule of water 
for each nitrogen atom. This can only be removed by means of 
potassium hydroxide (B. 27 , R. 579), or by distillation over barium 
oxide. Like ammonia, they unite directly with acids to form salts, 
which differ from ammoniacal salts by their solubility in alcohol. 
They combine with some metallic chlorides, and form compounds 
perfectly analogous to the ammonium double salts ; e.^.: 

[N(CH,)HjCl],PtCl4. N(CHJHaCl.AuCl,. rN(Cn,),HCl],HgCl,. 

Tlie ammonia in the alums, the cupramntonium salts and other 
compounds may be replaced by amines.^ 

Their basicity is greater than that of ammonia, and increases with 
the number of alkyls intioduced (J. pr. Ch, [2] 33 , 352 ; A. 345 , 256). 

The reactivity of the primary and secondary amines, as compared 
with the tertiary ammes, is dependent on the ease with which the 
ammonia hydrogen atoms, not substituted by alcohol radicals, 
replaced; hence, the primary and the secondary amines in many^ 
reactions behave like ammonia. 

A primary amine is distinguished from a secondary amine, and this 
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from a tertiary amine, by treating the amine alternately with iodo-tf 
methane and potassium hydroxide until all the hydrogen atoms in the 
ammonia present are replaced by methyl groups. Whether the latter 
have entered, and what their number may be, is most conveniently 
determined by the analysis of the platinum double chloride of the base 
previous to and after the action of the iodomethane. If two methyl 
groups have entered, then the amine was primary; if one methyl 
group has entered, then the base was secondary ; and should the base 
remain unchanged, then it is tertiary in its Tiiaracter. 

Tertiary, secondary, and primary amines may also be obtained by 
the dry distillation ot the halogen salts o,£ the ammonipm bases, such 
as methyl-ammonium hydrochloride : * 

N(CH,),C1 = NtCHOs 4-CHjCl 

• N(CH3),HC1 = NU(CH,)a4-ClI,CU 
NH{CH,),HC1 = NH2(CH,)+CH3C1, etc. 

t 

These reactions serve for the commercial production of methyl 
chloride (p. 135) from trimcthylamine. 

Primary and secondary amines show flic following reactions: 

(i) Primary and secondaiy amines, like ammonia, react with 
acid esters, forming mono- and di-alkylized acid amides (q.v.) and 
alcohols. A, W, Hofmann based a method for the separation of 
primary, secondary, and tertiary amines upon their behaviour 
towards diethyl oxalate (B. 8, 760). 


The mixture of the dry bases is treated with diethyl oxalate, when the prima^ 
amine, e.g,, methylamine, is changed to diethyloxamide, which is soluble in 
water, dimothylamme is converted into the ester of dimethyl Oxamic acid (see 
oxalic acid compounds), and tiimethylamine is not acted on : 


*'^coo.c,ii, CONH.CH, * ‘ 

Dielhyl OxaUtc. Djmt.thyl Oxaoude. 

NTTrrH \ _ COO.C,H, 

’^H(CH.).+coo.C,H, - 

» Dimethyl Oxarmc Ester. 


When the reaction-product is distilled, the unaltered trimcthylamine passes 
over. Water will extract the dimethyloxamide from the residue ; on distillation 
with potassium hydroxide it changes into inethylamine and potassium oxalate : 


CONH.CH, 

CONH.CH, 


+2K0H=C,0,K,-|-2NH,(Cn8). 


The insoluble dimethyl oxamic ester is converted, by distillation with potas¬ 
sium hydroxide, into dxmethylamine : 


' +2KoA-C.O,K,+NH(CH,),+C,H, oh. 

• • 

The behaviour of the primary and secondary amines towards toi maldehydo can 
be utilized for their separation from one another (B. 29, R. 520). 


(2a) The secondary aliphatic amines, e.g. diethylamine (also 
piperidine), are readily acted on by a scries of non-metallic chlorides, 
non-metalJic oxy- and sulpho-chlorides, as well as chlorides of inorgamc 
VOL. I. M 
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acids. The dialkylamine residue replaces one or all of the chlorine 
atoms. The products are dialkylized acid amides (B- 29 , 710), 

Thionyl chloride replaces both the hydrogen atoms in primary 
amines by the thionyl residue, with the production of thionylamines, 
the alkylized imidcs of sulphurous acid (Michaelis), which bear the 
same relation to sulphur dioxide that the isocyanic esters do to carbon 
dioxide. 

Nitrosyl chloride, NOCl, and nitrosyl bromide, NOBr, produce from 
primary amines alkyl cHorides and bromides, with the formation of 
water and nitrogen ; unSer similar treatment secondary amines yield 
nitrosamines (C. 1898, 11 . 887; B. 40 , 1052). 

The following ariungement, taking diethylamine as example, affords 
a review of these reactions : 


SCI 

SCI 

SCI, 

SOCl, 


SOjCla 

NOCl 

PCI5 

POCI5 

PSCla 

iJCl, 

SiCl* 


Dithio-diethylanuoe. 

S—N(C,H6), 

>S<N(C •H ® Monothio-dicthylamine. 

SONfCjUg) Thionyl-cthylamine. 

Thionyl-diethylamine. 

Sulphurjd- or Sulpho-diethylaminc. 

> N0.N(C,H5)/ Nitro‘?o-dicthylamine. 

> PCl2N(CaH5)2 Oiethylamme-chlorophosphinc. 

^ PO('l2N(CaH5)2 Diethylaminc-oxychlorophosphine. 

^ PO[N(C2lIg)2la Tridiethylamine-phosphine-oxide. 

-> PSCl,N(C2lf6)2 Diethyiamine-sulphochlorphosphine. 

> BCl jN (CgH 5) 2 Dicth ylaminc-chloroboride. 

> SiCljN(C,H g) 2 Diethylamme-chlorosilicide. 



I 


{zb) Primary and secondary amines behave like ammonia towards 
organic acid chlorides— e.g, acetyl chloride—forming mono- and di- 
alxyl acid amides. 

The reaction proceeds twice as fast in the case of the prftnary 
amines as in that of the secondary. 

Primary, secondary, and tertiary bases can be separated from 
each other by means of benzene sulphi^chloridfe, CflH 6 .S 02 Cl. In 
the presence of alkalis tertiary amines do pot react; under similar 
conditions secondary amines yield insoluble 4 i-alkylphenyl sulphamides 
CeH5S02NR2, whilst primary amines forift mono-alfylphenyl sul¬ 
phamides C6H5SO2NHR, 5dclding soluble sodium salts C(jH5S02.NNaR 
with aqueous sodium hydroxide, but which are insoluble when pro¬ 
duced by metallic sodium under ether. Dibenzene sulpho-alkyl amides 
(C0H5S62)2NR occur as subsidiary ptodui'ts which form similar 
sodium salts C(jH5S02N.NaR when wanned with sodium alcoholate 
(B. 38 , 908 ; C. 1906, II. 15), ' 

(2c) The primary and secondary amines react similarly with 
2,4-dinitro-bromobenzene or 2,4,6-trimtrochloro-bcnzene as with 
acid chlorides (B, R. 540), giving rise to di- and trinitrophenyl 
alkyl- and di-alkylamines. 

(3) Primary and secondary amines cjornbine with many inorganic 
and organic acid anhydrides— e,g. sulph(ur trioxide, acetic anhydride 
—to form amide-acids and add amides, i 
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(4) The behaviour of the amines towards nitrous acid is very 
characteristic. Primary amines are changed, at least in part, by this 
acid into their corresponding alcohols (p. 104): 

C,H,NH,+N 0 . 0 H=CjH»OH+N,+H,O. 

This reaction corresponds with the decomposition of ammonium nitrite 
into water and nitrogen : 

NH,+N0.0H=Hj0+NaH-^,0. 

Primary amines containing secondary alkyl groups sometimes 3deld 
tertiary alcohols under these condition^, instead of the expected 
secondary alcohol. Nitrosyl chloride and bromitfe react with primar3^ 
amines and give rise to alkyl chlorides and bromides (comp. p. 161). 

Nitrous acid converts the secondary amines into nitroso-amines 
(p. 168): 

(CH 3 ),NH^N 0 . 0 H = (CH,) 3 N.N 0 +H ,0 

Nilroso'dimethylamine. 

whereas the tertiary amines remain unaltered or undergo decomposi¬ 
tion, Indeed, these reactions may be utilized in the separation of 
the amines, but naturally the primary" amines are lost. 

(5) Another procedure, resulting in a partial separation of the amines, depends 
on their varying behaviour towards carbon disulphide. The free bases (in aqueous, 
alcoholic, or ethereal solution) are digested with CS2, when the primary and 
secondary amines form salts of alkyl dithiocarbaminic acid (q^v.), whilst the 
tertiary amines remain unaffected, and may be distilled off. On boiling the 
residue with HgClg or FcCla, a part of the primary amine is expelled from 
the compound as mustard oil (A. W, Hofmann, B. 8, 105, 461 ; 14 , 2754; and 
15 , 1290). 


(6) A marked characteristic of the primary amines is their ability 
to form carbylamincs {q^v.), which are easily recognized by their odcijir 
(A. W- Hofmann, B. 3 , 767). 


{7) By the action of Cl, Br, or I alone or in the presence of alkali hydroxide, 
primary and secondary aijiinrs pcld alkylaminc halides (p. 167). 

(8) Alkyl magnesium halides (p. 185) react \Yith primary and secondary 
amines, generating methane and forming RNHMgl and R,NMgl; with tertiary 

Aik 

amines a certain proportion of addition compounds is formed 

(9) Oxidation produces varying results. Alkaline permanganate easily 
attacks all the amines ; acid permanganate is less active, but still oxidizes with a 
velocity of reaction varying according to the structure of the amines, and pro¬ 
duces ammonia, aldehyde, carboxylic acids and other bodies (B. 8, 1237 ; A. 346 , 
25ri- 


In the presence of copper powder, oxygen acts on methylamine and ethylamlne, 
producing formaldehyde and acetaldehyde respectively, together with ammonia 
(B. 39 ,178). % 

The various classes of amines can be characterized by their behaviour with 
hydrogen peroxide and persulphuric acid (B. 34 , 249^; 86, 701, 710): 

(a) Primary amines, RNHj, and persulphuric acid yield various products 
according as R is a primary, secondary or tertiary alkyl radical. The first stage, 
however, in all cases is the formation of alkyl kydroxylSmines RNHOH (p, 171), 
which are further oxidized to varying results. Alkylamines with primal alkyl 
groups yield, together with other bodies, hydroxamic acids epily detect^ 
by the red colour obtained with ferric chloride ; alkylamines containing secondary 
groups give kctoxixnes (p, 153), and with tertiary alkyi groups yield nitroso- 
paraffins (p. 153). 
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, (&) Secondary Amines R,NH yield di-edkyl hydro)iylmmn9S RiN-OH with,- 
hydrogen peroxide. 

(c) Tertiary amines and hydrogen peroxide produce tfi-alhyl aminoxy-hydraUs 
R,N(OH), (p. x^^). 

xo. Tertiary amines not only form addition compounds with oxygen (tri-alkyl 
aminoxy-hydrates) and alkyl halides (tetra-alkyl ammonium halides) as described,. 

Cl 

but also with acid chlorides. Such a compound, is very labile, 

from which the acyl gr^p is separated in the form of condensation products 
(B. 39 , 1631), or, when in.uresence of alcohols or amines, as acyl esters or acyl 
amines (B. 39 ,2135), togcthVr with the formation of tri-alkylamine hydrochlorides. 

Cyanogen bromide also forms labile addition compounds with the trialkylamines, 
which immediately decompose into bromo-alkyls and dialkyl cyanamide, from 
which secondary amiiv^s can be produced. These reactions constitute a method 
of passing from' tlie tertiary to the secondary amines (B. 38 , 1438). Similarly, 
hypochlorous acid and trimethylamine form dimethyl chloramine (CHs)iNCl 
(comp. B. 38 , 21.54). 

Bromine and iodine also yield addition compounds with tertiary amines 
(B. 88, 2715, 3y04). 


(a) Amines and Ammonium Bases with Saturated Alcohol Radicals 

(i) Primary Amines.—Methylamine, CH3.NH2, b.p. —6°, occurs 
in Mercurialis perennis and amiua, in bone-oil, and in the distillate 
from wood. It is produced from the methyl ester of isocyanic acid, 
by the reduction of chloropicrin, CCl3{N02), and hydrocyanic acid, 
and by the decomposition of various natural alkaloids, like theine, 
creatine, and morphine. The best way of preparing it is by warming 
bromacetamide with potassium hydroxide (p. 159), or by the action 
of dimethyl sulphate (p. 158) on 10 per cent, ammonia at 0° (C. 1906, 
II. 171T). 

, Methylamine is a colourless gas, with an ammoniacal odour. Its combusti¬ 
bility in the air and the lack of solvent action of its aqueous solution on the 
oxides of cobalt, nickel, and cadmium distinguish it from ammoma. At^i2® one 
volume of water dissolves 1150 volumes of the gas. Anhydrous mhium chloride 
absorbs considerable quantities of methylamine (C. 1898, II. 970), which also 
unites with silver chloride to form CIIjNH,.AgCl (C.*i8ij7, I. 1156). 


Methyl ammonium chloride, m.p. 210^. Methyl ammonium picrate, m.p. 207% 
dissolves with difficulty. 


Ethylamine, CgHg-NHa, m.p. —84°, b.p. 18®; D8=0'696, is a 
mobile liquid, which mixes with water in all proportions (B. 88, 
638). It expels ammonia from ammoniacal salts, and when in excess 
redissolves aluminium hydroxide; otherwise it behaves in every 
respect like ammonia. Highly heat^ with potassium it becomes 
converted into potassium ethylamine C2H6NHK (C. 1897, I. 1157). 

Propylamine CaH,NH„ b.p. 49®. Isopropylamine CsHrNHa, b.p. 32®, occurs 
in white-thom. It is prepared by reduction of acetoxime (CHj)C:NOH (p. 158) 
(B. 20 , 505)- ® 

n.‘Butylamine 11 ^, b.p. 76®, and Isobutylamine, b.p. 68®, occur in fer* 

mentation butyl 2ilcohol. ^cc.-Butylamine CiH4CH(CH8)NH,, b.p. 63®, is 
obtained in its dextro-rotatory form Mu -h 7 * 44 “ Irom the oil of Cochlearea officinaUM 
(B. 86, 582). "£eTt.~Butylamine, Trimethyl Carbylamine^ b.p. 43®. n,^Aniylam%n$ 
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b.p. 103*. Isoamylamine (CHJjCHCHgCHtNH,, b.p- g5*, is 
obtained when leucine is distilled with alkali hydroxides. It is miscible with water 
and bums with aluminous flame. Active Amylamint C9HgCH(CHJCHNH|, 
b.p. 96", [a]p —5*86°, is produced from optically active amyl Edcohol (p. 120) by 
'means of amyl phthalimide (B, 87, 1047). i,i-Dimethyl~yaminohtUane 
(CHg)gC.CH(NH2)-CHg, b.p. Z03**, is obtained from pinacoline oxime (C. 1899, 11. 
474). Diethyl Carbylamine (CgH5)2CH.NH2* b.p. 90^. DUn.-propyl Carbylamine 
(CgH7)gCH.NHg. b.p. 130“, Diisobutyl Carbylamine (C4H7)gCH.NHj, m.p. 166*, 
result from the corresponding ketoxime by reduction with sodium and alcohol 
(B. 27, R. 200). n.*Nonylamine CjHig.NHj, b.p. is already soluble with 
mfficulty in water, n.-t/ndecylamine CH,[CHJj(,i 5 h,, m.p. 15®, b.p. 232®. 
2-Aminononane, b.p.n 69®, and 2-Aminoundecane, b.p.,, Z14®, are obtained 
from heptyl and nonyl methyl ketoxime (B. ^6, 2554). n.~Pentadecylamine 
CHi[CHg]||NH9. m.p. 36®, b.p. 299® (C. 1899, II. 363) is pA>duced from the corre¬ 
sponding acid chloramidcs (p. 160). 


(2) Secondary Amines.—The secondary amines are also desig¬ 
nated imide bases. 

Simple Secondary AmiiAs: Rimethylamine, NH(CH3)2» b.p. 72®, 
is most conveniently obtained by boiling nitrosodimethylaniline or 
dinitrodimethylaniline with potassium hyctroxide (A. 222, 119). It 
is a gas that dissolves readily in water. It is condensed to a liquid by 
the application of cold. 

Diethylamine, NH(C2H5)2, b.p. 56®, is a liquid, which is readily 
soluble in water; hydrochloride, m.p. 76° ; picratc, m.p. 155®. 

Di'-n,^propylamine, b.p. no®. Diisopropylamine, b.p. 84® (B. 22, R. 343). 
Mixed secondary amines are produced by methods 3a and ^b. Methyl Ethylamine^ 
b.p. 35®. Methyl n.-Propylamine, b.p. 63®. Methyl n.~Butylamine, b.p. gi\ 
Methyl n.^Heptylamine, b.p. 171® (B. 29, 2110). 


(3) Tertiary Amines.—^These are also called nitrile bases, to dis¬ 
tinguish them from alkyl cyanides or acid nitriles^ 

Trimethylamine, N{CH3)3, b.p. 35°, is isomeric with ethyl methyl- 
amin^, C2H5.NH.CH3, and the two propylamines, C3H7.NH2. It Is 
present in Irerring-brine, and is produced fiom betaine (q-v.). It is 
prepared from herring-brine in large quantities, and also by the 
distillation of the “yinusses." It is conveniently obtained by heating 
'ammonium chloride with formaldehyde (p. 158). Its penetrating, 
fish-like smell is characteristic. Hydrochloride, m.p. 271-275°; 
picrate, m.p. 216°, is sparingly soluble (B. 29 , R. 590). 

Trlethylamine, N(CgH5)g, b.p. 89®, is not very soluble in water. It is 
produced by heating ethyl isocyanate with sodium ethoxide: CO: N.CgHg+ 
2CgHg.ONa=N(CaHJg+COgNa,. 

(4) Tetraalkyl Ammonium Bases.—Whilst neither ammonium 
hydroxide nor mono-, di-, 01^ tri-alkyl ammonium hydroxides have 
been prepared, yet, by the addition of the iodo-alkyls to the tertiary 
amines, tetra-alkyl ammonium iodides are ^rc^uced; these, when 
treated with moist silver oxide, 5deld the alkyl ammonium hydroxides : 

N(C,H J*I+AgOH ==N(C,H J^.OH-bAgl. 

In the interaction of a methyl alcohol solution of tetramethyl 
unmonium chloride with a similar solution of potassium hydrox¬ 
ide, KCl is precipitated, and tetramethyl ammonium hydroxide 
(CH8)4N0H, is |orzned. It exists as a peniahydrcUCt m.p. 63°, a 
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triiiydraU, m.p. 6o®, and a monohydrate, which breaks down into tri- 
methylamine at 130-135° (C. 1905, II. 669). 

These hydroxides are perfectly analogous to those of potassium 
and sodium. They possess ^ strong alkaline reaction, saponify fats, 
and deliquesce in the air. They crystallize when tlieir aqueous solu¬ 
tions are concentrated in vacuo. With the acids they yield ammonium 
salts, which usually crystallize well. 

On exposure to stror^ heat they break down into tertiary amines, 
and alcohols or their decomposition products (C„H2« and H2O): 

N(C,H,)4.0H=N{C,H,),+C,H4+H,0. 

This reaction has acquired special significance because of its appli¬ 
cation in the decomposition of bases of ring-formation (see piperidine 
or pentamethylcne imide). 

Tetramethyl Anunonium Iodide, Tetramethylium Iodide, N(CH3)4l, 
and Tetraethyl Ammonium Iodide, Tetraet^ylium Iodide, N (02115)4!, 
are prepared from trimelhylamine and iodomethanc, and iodoetliane 
and trietliylamine respectively; they consist of white prisms when 
crystallized from water or'alcohol. 

Other salts of the tetra-alkyl ammonium bases are only obtained 
with diOiculty from the tri-alkylamincs by addition, although some¬ 
times the reaction of tertiary amines with dimethyl sulphate can 
be used Avith advantage for preparing methyl sulphuric acid salts 
R3C(CH3)0S03CH3. The chlorides can be obtained by the action of 
silver chloride on the iodides. 

Iodine Addition Products —(C2H5)4NI.2l,, and addition pro¬ 
ducts containing even more iodine molecules, are precipitated by iodine from 
the aqueous solutions of the tetra-alkylium iodides, e.g. tetraethylium iodide. 

Of the numerous compounds belonging here we may mention : 

Dimethyl Diethyl Ammonium Iodide. (CIIa)o(r. H6)2Nl, is obtained from di- 
methylamine and ethyl iodide, and from dietliylaminc and methyl iodide, 
methods of formation which should give rise to two substances havipg as 
constitutional formula:: 

(CH3)(CH3)(C2H4)N.C,H,I and (C3H3)(CaH3)(CIl3)X,CIl3L 

These two compounds, however, are identical (A.-ISO, 17^). These facts, 
together with the exist-ncc and properties of tetra-alUyl ainmo'.ium hydroxide, 
show that the ammonium compounds are not molecular derivatives, as formerly 
assumed (the above formula: arc only intended to exhibit the different manner 
of formation), but represent true atomic compounds. 

On the equivalence or the contrary of the five valencies of nitrogen in ammo-’ 
nium compounds, see Le Ucl, B. 23 , R. 147. On tlic asymmetry and optical 
activity of tetra-alkyl ammonium compounds in wiuVh the substituting groups 
consist of four different monovalent alcoholic radicals, sec B. 24 , K. 441 ; 82 , 
3508; 83 , 1003. 


(6) Unsaturated Amines and Ammonium Bases 

Vinylamine, CH,=CH.t^H,, has not yet been prepared. The previously 

' CHj'v 

ascribed compound is in reality ethylene imide | /NH. 

CH/ 

Trimethyl Vinyl Ammonium Hydroxide or Neurine, CHs=CH.N(CHs)aOH, is 
described after glycol with choline {g^v,), to which it is intimately related. 

Allylamine, CH,— CH.CH3.NH1, b.p. 58*, is best obtained from mustard oil 
(j.v.). by boiling it with 20 per cent, hydrochloric acid (B. 30 , 1124). 

Isodtlylamine, Propenylamine, CH,.CH=CHNH|, b.p. 67®, is produced by 
the action of potassium hydroxide on j9-bromopropyiamine (B, 20, 2747). 
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Undecenylamine, C^xHuNH,. b.p. 239**, and higher homologues, see B. 83 » 
3380. 

Dimethyl Piperidine, Pentallyl Dimethylamine, CHissCH.CHx.CHg.CIft.- 
N(CHj)|, b.p. 117-118®, is a decomposition product of piperidine This 

and similar bases unite with hydrochloric acid, and when heated yield ammo¬ 
nium chlorides of pyrroli^e bases (A. 278 , i). 

Propargylantine, CH==C.CH,NH,. is prepared from dibromallylamine, 
CHjBr.CHBr.CHaNHj, and potassium hydroxide. It is probably a gas in a free 
condition, but it can only be obtained in alcoholic solution or in the form of 
salts (B. 22 , 3080). f 

The following paragraphs, (c) to (A), deal with the alkylamine derivatives of 
inorganic acids, whilst the corresponding compounds of the carboxylic acids will 
be described with these later. 

• # 

(c) Alkylamine Halides 

These bear the same relation to NCI, and NI, as the alk^lamines to ammonia. 
The alkylamine chlorides and bromides may also be regarded as the amides of 
hypochlorous and hypobromqos acids. Such derivatives are produced by the 
action of chlorine, bromine, or iodine, alone or in the presence of alkali hydroxides, 
on primary and secondary amines (B. 8, 1470 ; 9 , 146 ; 16 , 558 ; 23 , K* 386; 
A. 230 , 222), as well as by the transposition of acetodibromamide [q.v,) with amines. 
When saponified they yield hypochlorous, hypolJromous, and hypoiodous acids 
(B. 26 , 985): 

CH,CH,CH,NH,-> CHsCHaCHjNilCl-)^CH,CH,CH,NC 1 , 

(CH,CH,CHJ,NH-(CH,CH,CH,),NC 1 . 

The primary alkylamine monohalides are less stable than the dihalides and 
the secondary hidogen-amines. 

MethyWxchlof amine, CH jNCl,, b.p. 58-60®, is prepared from methyl ammonium 
chloride and bleaching powder. It is a strongly smelling oil, exploding violently 
when heated. It forms diazomethane with hydroxylaminc (p. 213 ; B. 28 ,1682), 
Methyl Diiodamine, CH,NI,, is gamet-red in colour. Dimethyl Todamine, (CHa),Ni, 
is sulphur-yellow in colour. Ethyl Dichloramine, C2H5NCI,, b.p. 88®, is a 
strongly smelling, unstable oil (B. 32 , 35^2). Propyl Chloramine, CgH^NHCl, 
volatilizes with decomposition. Propyl Jhchioramine, CgH^NClj, b.p. 117®, is a 
yellow oil. Dipropyl Chloramine, (C,H,)2NC1, b.p. 143®, etc. (B. 8, 1470 > 8, 
146 :• 16 , 558; 23 , R. 386 ; 26 , R. 188 ; A. 230 , 222). 

Secondary' chloramines give up hydrochloric acid in the presence of alkalis 
and change to the alkyl imidcs of the aldehydes, which take up water in acid 
solutions forming a primary amide and an aldehyde : 

(CHJjCH.CHxv * koh (CHJxCH.CII. «0 (CHJ.CK.CHO 

>NC 1 -^N - - > 

{CHa)aCH.Cn/ (CH,)|CH.CH/ (CH8)aCH.CH,.NH,. 

This reaction can be employed for the identification of secondary amines (C. 

1897. T 745). 

Nitriles result when the dibromides of the higher primary alkylamines are 
treated with alkalis. 

(tf) Sulphur Derivatives of the Alhflamines 

1. Thlodlalkylamlnes, Thiotchalkyl Diamines, result from the action of SCI. 

on dialkylamines in ligroin solution. Thiodiethyla^ine, S[N(CjH5)3]a, b-p.^ 87® 
(B. 28 , 575). • 

2, Dlthlotetralkylamlnes, Dithiotetralkyl Diamines, result from the action of 
S>Clj on dialkylamines in ethereal solution. Diihiodui^ethylamine, S2[N(CHa) J*, 
b.p.,3 82®. Dithiodiethylamine, b.p.,, 137® (B. 28 , 166). 

^ 3. Alkyl-thionylamtnes, alkylated imides of sulphurous acid, are formed when 
thionyl chloride (i mol.) acts on a primary amine (3 mols.) in ethereal solution 
(Michaelis, A. 274 ,187); 

3C^aNH,+SOCl| « CHtN=SO+aCH 
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I Tlia members of the scries with low boiling points are liquids with penetrating 
^odour, and fume in the air. Water decomposes them into SO^ and the primary 
amine. Thionyl Methylamine, CHaNSO, b.p. 58—59®. Thionyl Ethylamtne, b.p. 
70-75®. Thionyl Isobutylaniine, (CH8)*CH.CHj.N : SO, b.p. 117®. 

4. Thionyl DIalkylamines, Thionyl i'etralkyldiamines, are formed when thionyl 
chloride acts on the ethereal solution of the dialkylamincs. Thionyl Diethyl- 
amine, OS[N(CaH8)a]a,b,p.2, ii 8 ®» corresponds in its composition with tetraethyl 
urea (B. 28 , 1016). 

5. Thlonamic Acids arc the products resulting from the interaction of sulphur 

dioxide and primary amines,: ethyl thionamic acid, CjH^NH.SOjH, is a white 
hygroscopic powder. \ 

6. Alkyl Sulphamldes and Alkyl Sulphamlnle Acids, Sulphamides, e.g, 

are formed by the action of sulphuryl chloride, SOjClg, on 

the free secondary amines, w^hercas their chlorides, • result when the 

HCl-salts are employed. Water converts the chlorides into sulphaminic acids. 

(A. 222 , iiSJ'. SOj reacts similarly with the primary and secondary 
amines, forming mono- and dialkylsulphaminic acids (B. 16 , 1265). 

(e) Phosphorus Derivatives ol the Secondary Alkylamincs (B. 29 , 7x0) 

« 

1. Dialkylamlnochlorophosphines are prepared by the action of phosphorus 
trichloride on the dialkylamincs. They arc liquids which give off fumes in the 
air, and possess an irritating odour. DiethylaminochXorophosphine, (CsHb) 8N.PC12, 
b.p-i4 73 ®* Ditsohutylaminochlorophosphine, m.p. 37®, b.p.,^ 116®. 

2. Dialkylaminoxychlorophosphines are obtained by the action of phosphorus 
oxychloride on secondary amines in aqueous solution. They are stable bodies, 
possessing a camphor- or pepper>like odour. Diethylaminoxycklorophosphine, 
(CjHjjjN.POClj. b.p.jj too®. Di-n-propylaminoxychlorophosphine, b.p.g^ 170®. 
Diisobutylaminoxycmorophcsphine, m.p. 54®. 

3. Dlalkylaminosulphocholorophosphines are formed when phosphorus sulpho- 
chloride acts on dialkylamincs. They can be distilled in steam, and smell 
like camphor. Diethylaminosulphochlorophosphine, (C8H5)8N.PSCl8, b.p.js xoo®. 
Dipropylaminosulphocklorophosphine, b.p.j, X33®. Diisobulylatninosulphochloro^ 
phosphine, b.p.^o 150®. 

(/)> (i)» (A) Arsenle, Boron, and Silicon Derivatives of the Secondary Amines 

(B. 29 , 714) ^ 

Diisohutylaminochlorarsine, (C4H8)3N.AsCla, b.p.^g 125®. 

Diethylaminochloroborine, (CjHjjjN.BCl,, b.p. 142®. 'Fumes strongly in air. 
Dipropylaminochloroborine, b.p.4i99°. Diisohulylaminodhlorobortne, b.p.i793®. 

Diethylaminochlorosilicine, (C8H4)8N.SiCl8, b.p. 00 104®. Diisobutylamino* 

chlorosilicine, b.p.go 122®. 

The chlorarsincs, chloroborines, and chlorosilicines of the secondary bases are 
prep^ed in the same way as the chlorophosphines from the corresponding 
chlorides. 


(«} Nltroso-amlnes 

All basic secondary amines (imides), like (CHs)0N‘H and (C0Hg)aNH, can be 
converted into nitroso-aminec. (nitrosamines) by the replacement of the hydrogen 
of the imide group. They are obtained from tjee free imides by the action of 
nitrous acid on their aqueous, ethereal, or glacial acetic acid solutions, or by 
warming their salts in aqu^our or acid solution .with potassium nitrite (p. 163) 
(B. 9 , III). They are mostly oily, yellow liquids, insoluble in water, and maybe 
distilled without decomposition. Alkalis and acids are usually without effect 
upon them; with phenol* and sulphuric acid they give the nitroso-reaction. 
When reduced in alcoholic solution by means of zinc dust and acetic acid they 
become converted into hydrazines (p. 169). Boiling hydrochloric acid decom¬ 
poses them into nitrous acid, and di^kylamines. 

Dimethyl Nitrosamine, Nitrosodimethyline, (CHs)tN.NO, b.p. 148*« 

Diethyl NUrasamifU, Nitrosodiethyline, b.p. 177®. 



ALKYLAMINES and alkyl ammonium derivatives 16$ 


(^) Nliramines 

• 

are produced by the action of concentrated nitric acid on various amide de* 
rivativcs of the primary amines, e g their urethanes or oxamides, from which 
the free mono-alkyl nitramincs may be obtained by sphtting off ammonia 
(B 18 , R. 146, 22 , R 295, C. 1898, 1 . 373): 

CH,NHCO,CH,-CH,N(NO,)COaCH,-^ CH,NH NO, 

. or CHjNrNOOH. 

One hydrogen atom in the monoalkyl nitrammt. molecule is replaceable by an 
alkali metal, rendering the second formula RN: NOOH the more probably 
correct As in the alkali salts of the nitroparaihns (p. i (o) the metal is united to 
an oxygen atom forming a compound of the type RN: NpOMe. -By the reaction of 
the potassium alkyl mtramincb with the haloid alkyl compounds, there are pro¬ 
duced 1 he corresponding dialkyl nitramincs, which yield unsym -dialkyl hydraxmes 
by reduction with zinc dust and acetic acid 

Methyl Ntlramtne CHaNi-I NO^, mp 3S®. Ethyl Nttramtne m.p. 3*. Potas¬ 
sium ethjd nitramine and lodomcthane \ icld X-melhyl ethyl mtramme (see below). 
Propyl NtUamtno, b p.,^ iziP, 0 ~Meihvl I thyl Isomtrcimtne, C,Hq N : NOjCH,, 
b P *0 S?** (C. i8q 8, I. 374) IS prepared from silver ethyl nitramine. Butyl 
Ntiramtne, sec B 28 , R 105S, 

Simple N-Dialkyl Nltramines: Dimethyl Nitramine, (CH,),N.NO,, m.p. 58^ 
b.p 187®, IS produced, together with in isomer, bp 112®, by the distillation of 
monomethyl nitramine (13 29 , R oio) as well as upon treating dimethylamine 
and nitric acid with acetic anhydiide (B 28 , 402), from monomethyl mtramme 
and potassium nitrite (C 1898 II 477), and with diazomethane (B. 80 , 
646) Diethyl hitramine, bp 206® Dipropyl Nitramine, bp 77®. Mixed 
Nltramines: Methyl J thyl Nitramim, bp igo®. Methyl Propyl Nitramine, b.p. 
115®, Methyl Butyl Nitramine, m p +0 5° (B 29 , R 1.24). Methyl Allyl Nitra- 
mine, b p i,, 95°, is obtained, togcthei with an isomer, b p.,, 51®, by the inter¬ 
action of potassium methyl mtramme and allyl bromide. 


The alkyl hydrazines, alkyl diazo-compounds, alkylazides, and 
diazoamino paraffins (sections I, w, n, 0), foim classes of substances 
analogous to those which were fiist prepared and investigated in the 
aromatic senes of organic compounds, where they exercised a ^eat 
influence on tlic development of that section of chemistry (Vol. IL), 
The analogy is seen in tlie following comparative lists:— 


Methyl Hydrazme .• . CII3NHNH, NH.NH, Phenyl Hydrazine. 

[C,H, NCI: N Oiazobenzene Lhlonde. 
Potassium Diazomethane ClijN.'NOK {C,H(N:NOK Potassium Diazoben- 


Methylazide 

Diazoammomethane 


C,H3N< II 


zene. 

Phenyl Diazoimide. 


ch,n(ii 

^N 

CHjN.N NHCH, C,H,N:N.NC,H, 

Diazoammobenzene. 


^ (i) Alkyl Hydraxlnas 

• • 

Just as the amines are derived from ammonia, so the hydrazines 
are denved from hydrazine or diamide, H2N.J^H2, which can itself be 
obtained by the splitting up of diazoacetic acid (j.v.) or amino- 
guanidme 

(i) If lodomethane acts on a cold aqueous solution of hydrazine, there are 
lormM monomethyl hydrazine and unsym.-dime1&yl hydrazine, with an excess 
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iodcAnethane in the presence of alkalis, the final product is trimethyl hydra- 
zonium iodide (B. 81 , 56): 

CHjl CH.l dial 

NH,.NH,-NHa.NHCn,-NH,.N(CH3),-NH,.N{CH 

Monoalkyl hydrazines also result by the heating of salts of alkyl sulphuric acid 
with an aqueous solution of hydrazine (B. 34 , 3268). 

(2) Mono-alkyl and sym.-diulkyl urea, acted on by nitrous acid, give rise to 
nitroso-compounds which in't.urn yield hydrazine derivatives of urea (alkyl 
semicarbazidcs) on reduction. 'These are decomposed by boiling with alksdis or 
acids into alkylamine, CO, and monoalkyl hydrazine : 

CH,NH.CO hno» CH3NII.CO . H CHgNH.CO HaO CH.,NHa-l-COa 

I-V ‘ I -^ I -^ 

CHaNH CH5V.NO CH3N.NH5 H-CHaNH.NH*. 

(3) unsym.-Dialkyl Hydrazines, on reduction with zinc dust and acetic acid, 
yield dialkyl nitrosamincs (p. 16&) or dialkyl nitramines (B. 29 , R. 42.1) : 

(CH5)aN,NO-h4H = (CH5),N.NH,*+HjO. 

Monoalkyl hydrazines are also obtained by reduction of the monoalkyl nitra¬ 
mines (p. i6i^). 

(4^) sym.-Dialkyl Hydrazines are formed by the action of iodoalkyls on the 
slead or potassium salts of diformyl hydrazine, CHO.NH.NH.CHO, and the sub¬ 
sequent hydrolysis of the diformyl compound (B. 27 , 2270 ; 31 , 02 ; 39 , 3261). 

{^h) Further, by heating pyrazolc or pyrazolon (Vol. II.) with iodoalkyls and 
decomposing the resulting alkyl pyrazolc iodoalkylate with aqueous potassium 
hydroxide (B. 89 , 3257, 3267) : 

^CH =N(CH,)I koh HNCH, 

CH I -^ I 

. NCH, HNCH, 

The mono-alkyl hydrazines reduce Fehling*s solution in the cold, and the 
dialkyl hydrazines when warmed. This behaviour differentiates them from the 
amines, which they otherwise resemble closely. 

M^AkylHydrazine, CHa.NH.NHs, b.p. 87“, is a very mobile liquid. Its odour 
is like t^t of methylamine. It absorbs moisture and fumes in the air (B. 22 , 
R. 670). 

Ethyl Hydyazine, (CjH,)HN.NH„ b.p. ioo». 

When ethyl liydrazine is acted on by potassium pyrosulphatc, potassium 
ethyl hydrazine sulphonate, CjHg.NH—NH.SOaK, is formed. Mercuric oxide 
changes this to potassium diazoethyl sulphonate, C,H5.N =N.S( 3 sK. 

sym.-Dimethyl Hydrazine, CH5NH.NHCH,, b.p. 8i“, forms salts with mono- 
and di-basic acids. sym.-Diethyl Hydrazine, b.p. 83°. 

nnsyra.^Dimethyl Hydrazine, (CHJjN.NH,, b.p. 62®, and wnsym.-Diethyl 
Hydrazine, b.p. 97®, arc mobile liquids, possessing an ammoniacal odour ; they arc 
soluble in water, alcohol and ether. Thionyl Diethyl Hydrazine, (CjHjjaN.N : SO, 
73® (B- 26 , 310). 

Trimethyl Hydraxonium Iodide, NH,.N(CH,),I, m.p. 235®, with decomposition, 
resembles tetramethyl ammonium iodide. Moist silver oxide liberates the 
strongly alkaline tetramethyh hydvazonium hydroxide, NH,N(CH3)50H; this 
consists of hydroscopic crystals, which are partially decomposed on distillation 
into unsym.-dimethyl hydrazine and methyl alconol. Heating with lodomethane 
breaks down the molecule ^intf tetramethyl ammonium iodide, nitrogen, and 
hydrogen. Tetraethyl Ilydrazonium Iodide is prepared from diethyl hydrazine 
and iodoethane (A. 199 , 318 ; B. 31 , 57). 


(m) Alkyl Dlazo-Compounds 

Potassium Diasoethane Sulphonate, C,HsN=N.SO,K (q.v.), obtained from 
potassium ethyl hydrazine sulphonate, and the potassium salt^of dioMomeihane 
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or m$thyl asoic acid (CHaN=N.OK), prepared from diazomethane (p. 2x3) ar/ 
two representatives of this class of compounds. 

(n) Alkyl Diazolmldes 

Methyl Diazoimide, Methylazide, CHj.Ns, b.p. 20®, Dj6=o*869, is the methyl 
ester of hydrazoic acid, and is obtained from the sodium hydrozoate NaN, and 
dimethyl sulphate in alkaline solution. It explodes violently above 500^ (B. 88, 

*573)- f' 


(0) Dlazoamltto Paraffins 


Diaioamino-methane, Dimethyl CH,N .*N.NHCH„ m.p. —12®, 

b.p. 93®, is a colourless liquid, having an odour resembling alkaloids. It is 
poisonous, it dissolves in water, and explodes violently on sudden heating. Its 
magnesium salt is produced from methyl azide and methyl magnesium iodide: 


./ 


N 


CHgNC |H-CH,MgIu=CH8N{MgI)N:NCH,. 


This substance is decomposed by water. • 

The silver compound exists as colourless needles, and the 

copper compound CHgN,.NCu(CH3) as yellow crystals (B. 89 , 3905). Diazo¬ 
amino methane is very easily decomposed by acids, evolving nitrogen and splitting * 
into methylamine and a methyl ester : 

CH,N:NHCHs-f-2Ha=CH,Cl-|-NjCH5NHj.HCl. 


(p) Tetra-alkyl Tetrazones 

When mercuric oxide acts on uii'^ym-diethyl nydrazine, (C,H5)2N.Nn2. 
tetraethyl tetrazone, (C2lT„)aN.N: N.N(C2H5)2, is formed. This is a strongly 
basic liquid with an alliaceous odour. 

Methyl Butyl Tetrazone, b.p-i# 121° ( 13 . 29 , R. 424). 

(^) Alkyl Hydroxylamines 

The eui.ry of one alkyl group into hydroxylamine produces two isomeric 
forms; 

NHa.aCH, and CH,.NH.OH. 

a-Meth)^-hydroxylamine. ^-Mcthyl'bydroxylamlne. 

The derivatives of both varieties are obtained from the isomeric benzaldoximes 
The ) 5 -compounds are formed from syn-meta-nitrobenzaldoxime by 
alkylization with sodium alcobolate and an iodoalkyl, together with the subse¬ 
quent separation of the ether by means of concentrated hydrochloric acid (B. 23 , 
599: 26 , 2377, 2514). a-Derivatives result from the breaking down of alkyl benz- 
hydroxamic esters. The jS-coinpounds are intermediate products in the reduction 
of the nitro-parafiins with stannous chloride, or, better, with zinc dust and water 
(B. 27 ,1350). and can also be prepared by clcctrolyyc reduction (C. 1899. II. 200). 

Alkyl hydroxylamines also Occur as intermediate products during the oxidation 
of jjrimary amines with pcrnwnosulphuric acid, HjSOg. but they are mmnly 
oxidized further to aldoximcs, hydroxamic acids, ketoximes, nitroso- and nitro¬ 
compounds (p. 164). • • 

Alkylation of hydroxylamine results essentially in the formation of j 8 -dialkyl 
hydroxylamines, which in turn lead to the formation of the liydriodic acid salts of 
the trialkylamine oxides (p. 17^). * 

6-Dialkyl hydroxylamines are also formed during the oxidation of the dialkyl- 
amincs (B, 34 , 2499). They further result by treatment with water of the re¬ 
action products of zinc alkyls or zinc or magnesium alkyl halides on alkyl nitrites, 
nitro-paraffins (J. pr. Ch. [2] 68, 94, 193 ; B. 40 , 3065) and diphenyl mtrosamine 
(B. 88, X022). During £he course of the last three reactions the following 



ty 2 

ii^ermediate 
nitrite, nitroe 
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products are probably formed, if we take as examples ethyl 
thane (in the acid form) and diphenyl nitrosamine with zinc ethyl: 


«Znfc H 1 CjHijZnOv 

0:N0CaH, —^*5*?*^ ^ >N.C,H,+C,H»ZnOC,Hg. 


h ) C,H,ZnOv /CH, 

HOON^CHCHa ^N—CH<: -fC.H.+ZnO- 

CjHj 




C H 

0 :N.N(C,H,), * *'>N.OZnN(C,H,),. 

C9H5 


^-Dialkyl hydrdxylamines are conveniently prepared by the action of nitric 
oxide on magnesium alkyl iodides in solution in ether (B. 36 , 2315). 

2NO,+4C,HjMgI-^ 2(C,HJ,NbMgI+MgO+MgI,. 

Reduction changes the j 3 -dialkyl hydroxylamines into dialkylaminM: when 
sulphurous acid is employed they are converted into dialkyl sulphaminic acids 
(B. 88, 159). See further under Trialkylamine oxides. 

a~Methyl HydroxylaminCt Methoxylamine, NH^.O.CHj, yields a hydros 
chloride, m.p. 149®. It differs from hydroxylamine in that it does not reduce 
alkaline copper solutions. 

a^Ethyl Hydroxylamine, Etkoxylamine, NH^.O.CjH^, b.p. 68®. 

^-Methyl Hydroxylamine, CHa.NH.OH, m.p. 41®, b.p.i, 61® (B. 23 , 3597 » 
24 ,3528 : 25 ,1716 ; 26 , 2514). 

P-Eihyl Hydroxylamine, m.p. 59®. 

^•‘Diethyl Hydroxylamine (C2H5)jN.OH, b.p.,* 76®. 

fi^Dipropyl Hydroxylamine, (CsH7),N.OH, m.p. 29®, b.p. 150®. 

Ethylsec. Butyl Hydroxylamine, CjHjN(OH)CH.(CIIs)-C,H,, b.p. ^ I 55 ** 
prepared from nitroethane and zinc ethyl, was previously thought to be triethyl- 
amine oxide (C. 190X, 1 . 1146 ; II. 183). 

a p-Diethyl Hydroxylamine, CjHjNHOC,Hj, b.p, 83°, and Triethyl Hydroxyl- 
amine, (C,H,) jNOCjHs, b.p. 98®, are formed by the action of CgH^Br on ethoxyl- 
amine (B. 22 , R. 390). 


(r) Trialkylamine Oxides 

OH 

These are obtained as salts of hydriodic acid, RjN^j by the acticn of iodo- 

alkyls on hydroxylamine and the intermediate ) 5 -dialkyl hydroxylamines; also 
by oxidation of the trialkylamincs by HgO, (B. 84 , 2499). ' The free oxide is un¬ 
known, but the corresponding hydrate, a deliquescent body, has been obtained, 
as in the case of the hydrate of Triethylamine Oxide Hydrate, (C2lTj)aN(OH)». The 
trialkylamine residue plays a similar part to that of a metal of the alkali earths in 
the corresponding hydroxides. The trimethyl compound is decomposed by heat 
into dimethylamine and formaldehyde, whilst the Tripropylamine Oxide Hydrateye 
broken up into / 5 -dipropyl hydroxylamine and propylene. Sulphurous acid 
converts it into tripropylamine when heated; in the cold it forms an addition 

/SO, 

product (C,H,),N<r | , m.p. 159®, which is deposited as tiny crystals possessing 

a silky sheen (B. 34 , 2301). J 


{$) Nitro9o-/5-alkyl Hydroxylamines 

A member of this class of bodies was probably discovered by Erankland, 
described under the name of Dinitro ethylic acid. It is prepared by the action 
of NO on zinc ethyl and the subsequent decomposition by water of the addition 
compound formed, and is designated as nitroso-p~ethyl Hydroxylamine (B- 88, 
1024): 

/NO /NO 

CH,CH,N<__>.CH,CHgN<^^ 


N^ZnCgHg 
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Similarly a salt of nitroso^p-methyi hydroxylamine is prepared £roxa NO^ 
which reacts according to the constitutional formula O: H—^N: 0 ~-and magnesium 
methyl iodide in solution in ether: 

2NO+CH,MgI =CH,N<gggj 

which gives the Liebermann nitroso-reaction, and yields a well crystallized copper 
salt. (CH,N, 0 ,),Cu-f-iH, 0 . 


6 . PHOSPHORUS DERIVATIVES OF THE ALCOHOL RADICALS 

A. PHOSPHORUS BASES OR PHOSPHINES AND ALKYL 

PHOSPHONIUM COMPOUNDS 

Hydrogen phosphide, PHs, has slight basic properties. It unites 
with HI to form phospjionium iodide, wliich is resolved again by water 
into its components. The phosphorus bases or phosphines, obtained 
by the replacement of the hydrogen of PH3 by alkyls, have more of 
the basic character of ammonia and •approach the amines in this 
respect. The basic character increases with the number of alkyl 
groups. ’ 

(i) They are oxidized very energetically on exposure to the atmo¬ 
sphere, usually with spontaneous ignition; hence tliey must be prepared 
in the absence of air. Moderate oxidation with nitric acid converts 
the primary phosphines into alkyl phosphoric acids, the secondary 
phosphines into alkyl phospho-acids, whilst tlie tertiary phosphines, 
in the presence of air, pass into alkyl phosphinic oxides: 

Ethyl Phosphine: CjlIgPH,->- CjH5PO(OH),—Ethyl Phosphoric Acid. 

Diethyl Phosphine: (CjHJjPH- ^ (CjHj),PO(OH)—Diethyl Phosphinic Acid, 

Triethyl Phosphine: (CjHJjP ->-(CallJjPO—Triethyl Phosphine Oxide. 

* (2) They combine readily with sulphur and carbon disulphide (B. 25 , 2436); 
also with the halogens. 

(3) The primary phosphines, are, like PH,, feeble bases. Their salts, such 
as PH4r, are decomposed by water. Potassium hydroxide is required for the 
decomposition of the salts of the secondary and tertiary phosphines. 

(4) The tertiary phosphines combine with the alkyl iodides to form tetra- 
alkyl phosphonium iodides. These are just as little decomposed by potassium 
hydroxide as the tetra-alkyl ammonium iodides. Moist silver oxide liberates tetra~ 
alkyl phosphomum hydroxides from them ; these, like the tetra-alkyl ammonium 
hydroxides, arc stronger bases than the alkalis: 

P(CH,), ->P(CH,).I -P(CH,).OH. 

ThMard (1846) discovered the tertiary phosph^es, and W. Hofmann (1871) 
first prepared the primary arhi secondary phosphines (B. 4 , 430). 

Formalion. —(i) By the reaction between alkyl iodides and phosphonium 
iodide for six hours in the presence ot certain metallic oxides, chiefly zinc oxide, 
at 150®. The product, in the case ol ethyl iodxue, as a mixture of P{CjH,)Hj.HI 
and P(C,H4),H.HI, the first of which is decomposed by water. The Hl-salt of 
the diethyl phosphine is not affected, but by boiling the latter with sodium 
hydroxide, diethyl phosphine is set free {A . W, Hofmann) : 

2PH4I f aCjH.I fZnO=2rP(CjH,)H,.HI]+ZnI,+H,0. 

PHJ.f 2C,H,IZnO=P(C*H,),H.HI +Znl,+H, 0 . 

P(C,H,)H,HI ->P(C,H,)H,+HI. 
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(2) Tertiary phosphines and phosphonium iodides are produced by heating 
phosphonium iodide with alkyl iodides (methyl iodide) to 150-180® without the 
addition of metallic oxides. They can be separated by means of potassium 
hydroxide; 

PHJ 4 - 3 CH 3 l=P(CH,)a.HI-i- 3 HI. 

P(CH 3 ),HI+CH ,1 =P(CH8)4.I +HL 

(3) Tertiary phosphines result when alkylogcns act on calcium phosphide 
{ThMard), and (4) in the action of zinc alkyls on phosphorus chloride : 

2 PCl 3 -f 32 .n(CH 3 ) 8 = 2 P(CH 3 ),+ 3 ZnCl 8 . 

(Compare the action of mercury alkyls on PCI,, p. 175.) 

(4) Primary phosphines are also obtained by heating monoalkyl pliosphinous 

acids (p. 175)- ' 

The phosphines are colourless, strongly refracting, extremely powerful-smelling, 
volatile liquids. They arc scarcely soluble in water, but dissolve readily in 
alcohol and ether. They oxidize very readily and have a neutral reaction. 

(1) Primary Phosphines: 

Methyl Phosphine, P(CH3)H2, condenses at —i4®,to a mobile liquid. 

Hihyl Phosphine, P(C2H5)H2, b.p. 25°. 

n-Propyl Phosphine, P(C3H7)H2, b.p. 53® (C. 1903, II, 987). 

Isopropyl Phosphine, P^CgHJIlj, b.p. 41°, Isohuiyl Phosphine, P(C4H7)H„ 
b.p. 62". Fuming nitric acid oxidizes tlic primary phosphines to alkyl phospho- 
aesds ; their Ill-salts are decomposed by water. 

(2) Secondary Phosphines: 

Dimethyl Phosphine, P(CIl3)2H, b.p. 25® C. 

Diethyl Phosphine, b.p. S5®. 

Diisopropyl Phosphine, P{C3H7)2H, b.p. 118®. Diisoamyl Phosphine, 
P(C5lIi,)2H, b.p. 210-215°, not spontaneously inflammable. Fuming nitric 
acid oxidizes this class of phosphines to dialkyl phosphime acids. 

Water does not decompose the Hl-salts of the secondary phosphines. • 

(3) Tertiary Phosphines: 

trimcthyl Phosphine, b.p. 40®. Triethyl Phosphine, P{C2Hi)3, b.p. 

127®. Both tertiary phosphines form phosphine oxides by the absorption of 
oxygen (B. 29 , 1707). They also combine with S, CI2, Brj, the halogen acids, 
and the alkylogens. Carbon disulphide also combines with trieth3d phosphine, and 
the product is P(C2FI5)3.082. b.p. 95°, crystallizing in red leaflets. It is insoluble 
in water, and sublimes without decomposition. Its production serves for ^he 
detection of carbon disulphide. 

According to almost all of these reactions, triethyl phosphine resembles a 
strongly positive bivalent metal—for example, calcium. By the addition of three 
alk^'I groups, the quinquivalent, metalloidal phosphorus ^lom acquires the 
character of a bivalent alkali-earth metal. By the further addition of an alkyl 
group to the phosphorus in the phosphonium group, P(CH3)4. the former acquires 
the properties of a univalent alkali metal. Similar conditions are to be observed 
with sulphur, tellurium, arsenic, and also with almost all the less positive 
metals. 

(4) Phosphonium Bases. —The teira-alkyl phosphonium bases resemble, in a 
very high degree, both in formation and properties, the tetra-alkyl ammonium 
bases. Tetramethyl- and Tetraethyl phosphonium hydroxide, P(C2H5)4.0H, are 
crystalline masses which deliquesce on exposure ±0 the air. They possess a 
strongly alkaline reaction. \^en they are heate$fthey show the great affinity of 
phosphorus for oxygen, for, unlike the corresponding ammonium derivatives, they 
break down into a trialkyl phosphine oxide and a paraffin. Thus tetramethyl 
phosphonium hydroxide yields tnmethyl phosphine oxide and methane: 

P(CH,) 4 . 0 H=P{CH,)s 0 -|-CH 4 . 

f. 

Tetramethyl- and Tetraethyl Phosphonium Iodide, P(C3H5)4l, are white, crystal¬ 
line substances, which arc decomposed by heat into trialkyl phosphines and alkyl 
iodides. Tetraethyl phosphonium periodide results from the prolonged inter¬ 
action of iodoethane and phosphorus at 180®. With H^S it changes into the 
normal iodide (B. 22 , R. 348) 
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B. ALKYL PHOSPHO-ACIDS 

These acids result, as mentioned previously, from the moderated oxidation of 
the primary phosphines with nitric acid; and also by oxidation of mono-alkyl 
phospho acids (see below). They arc derived from unsymmetncal phosphorous 
acid. HPO(OH),. 

Methyl Phospho-acid, CH,PO(OH)2, 105“- PCI, converts it into 

the chloride^ CH*POCl*. m.p. 32®, b.p. 163®. On the formation of similar 
chlorides from alkyl-tetracnlorophosphines, see below. Ethyl Phospho acid, 
C,H,PO(OH),. m.p. 44®. / 

The dialkyl esters of alkyl phospho acid, e,g. Diethyl Ester of Propyl Phospho- 
acid. CjH 7PO(OC,H5)|, b.p.g.g 87®, are obtained from the addition products of 
sym.-phosphorous acid ester (p. 141) and alkyl iodides (C. 1906, II. 1640 ; B. 81 , 
1048), and from the interaction of alkyl oxychloroply)sphines, (see below) and 
sodium alcoholates. 


C. ALKYL PHOSPHINIC ACIDS 

These are derived from hypophosphorous acid, H2PO(6h). 

(1) Mono-alkyl Phosphinic Acids. 

The action of mercury alkyls on PCI3 results in the formation of alkyl chloro^ 
phosphines: 

(CaH5)2Hg+PCl3--=C2H3HgQH-C,H5Pa2. 

Ethyl Chlorophosphine, b.p. 114-117°, 0,8 = 1-295. Propyl Chlorophosphine, 
b.p. 140-143®, 0,3 = 1*177. Isoamyl Chlorophosphine, b.p. 180-183°, Dg, = 1*102. , 
Water decomposes these clilorides into the corresponding alkyl pkosphinic acids. 
RPOalla. They arc syrupy liquids which are decomposed into alkyl phosphines 
and alkyl phospho acids when heated : 

3 C,II*P 0 , 1 I,=C,H„PH,+ 2 C,H„P 0 ,H,. 

Chlorine combines with the alkyl chlorophosphines forming alkyl tetrachloro- 
phosphines, UPCI4, which resemble phosphorus pentachloride. Heat causes 
partial dissociation into PCI3 and chloro-alkyl; SO* produces thionyl chloride and 
alkyl oxychlorophosphines, UPOCl*; ethyl oxycMorophosphine, b.p.„ 75-80®; 
propyl oxychlorophosphine, b.p.g* 88-90°. 

The alkyl chlorophosphines lieatcd with sulphur form alkyl sulphochloro- 
phosphines, RPSCl* ; ethyl snlphochlorophosphine, b.p.53 81® (B. 32 ,1572). 

(2) Dlalkyl Phosphinic Acids result from oxidation of secondary phosphines 
by fuming nitric acid. Dimethyl Phosphinic Acid, (CH*)* PO(OH), m.p. 76®, forms 
a parafhn-like mass, which volatilizes undccomposed. Diethyl Dithiophosphinic 
Acid, (C,H|)iPS.SH, see B. 25 , 2441. 


D. ALKYL PHOSPHINE OXIDES 

arise (i) when the tri-alkyl phosphines arc oxidized in the air, together with 
alkyl esters of dialkyl phosphinic acid, K2PO2R, and alkyl phospho acids, RPO,Ra 
(B. 81 , 3055), or by mercuric oxide; (2) in the decomposition of the tetra-alkyl 
phosphonium hydroxides by heat; (3) from POCl* and magnesium alkyl haloids : 

POCl,-b3RMgX=OPRa-f-3MgXCl. 

The trialkyl phosphine oxides combine with acids similarly to the trialkylamine 
oxides (p. 172) (C. 1906, I. 11^4). Triethyl Phosph*^^ Oxide, P(CjHj)50, m.p, 
53®. b.p. 243®, forms, for exautolc, P(C*H5)gClj, with haloid acids, from which 
sodium regenerates triethyl phosphine by the aid of heat. The corresponding 
ifiethyl phosphine sulphide, P(CjH,)jS, m.p. ^4®, is prepared from triethyl 
phosphine and sulphur. * 


7 . ALKYL DERIVATIVES OF ARSENIC 

Arsenic is somewhat metallic in character; its alkyl compounds 
constitute the transition from the nitrogen and phosphorus b^es to 
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^ the so-called metallo-organic derivatives— i,e. the compounds of the 
alkyls with the true metals (p. 183). The similarity to the amines and 
phosphines is observed in the existence of tertiary arsines, As(CH8)3, 
but these do not possess t^asic properties, nor do they unite with 
acids. They show in a marked degree the property of the tertiary 
phosphines, in their uniting with oxygen, sulphur, and the halogens 
to form compounds of the type As(CH3)3X2, and with halogen alkyls 
to form quaternary atspnium compounds As(CH3)4X. The mono-, 
di-, and tri-alkyl arsines, derived from AsHs, have not played nearly 
as important a r 6 Ie in the development of organic chemistry as have 
the cacodyl compounds. 

In 1760 Cadet discovered the reaction which led to the study of the arsenic 
alkyls. He distilled arsenious acid together with potassium acetate, and obtained 
a liquid which was subsequently named, after its discoverer. Cadet's ftiming 
arsenical liquid. From V837 to 1S43 Bunsen carried out a seriesof splendid investi¬ 
gations (A. 37 , I ; 42 ,14 ; 46 , i), and demonstrated that the chief constituent of 
Cadet's liquid was ** alkarsine/’ or cacodyl oxide, whbse radical '* cacodyl “ Bunsen 
also succeeded in preparing. Berzelius proposed the name cacodyl (from 
stinking) for this ve^ poisonous body with an extremely repulsive odour. 
Bunsen showed that it behaved like a compound radical. Together with the 
cyanogen of Gay -Lussac, and the benzoyl of Liebig and Wohler, which was assumed 
to be present in the benzoyl derivatives, it formed a strong support for the ra<lical 
theory. But later it was found that cacodyl was no more a free radical than was 
cyanogen, but that, in accordance with the doctrine of valence, it was rather a 
compound of two univalent radicals—As(CH3)2. combined to a saturated mole- 
As(CH,), 
cule; I 

As(CH,),. 

Valuable contributions have been made to the chemistry of the arsenic alkjrls 
by Cahours and Riche (A. 92 , 361), by Landolt (A. 92 , 370). and particularly by 
Baeyer, who discovered the monomethyl arsenic derivatives, and made clear the 
connection existing between the alkyl-arsenic derivatives (A. 107 , 257). 

The following reactions give rise to arsenic alkyl comj^ounds :— 

(i) Cacodyl Oxide, or Atkarsine, is produced by the distillation of 
potassium acetate and arsenious acid. This is a delicate test, both 
for arsenic and for acetic acid; 


4CH,.C0,K+A3j0,=[(CH,),As],0-h2K,C0,;f2C0,. 


(2) Also, by the action of zinc alkyls on arsenic trichloride; and 

(3) by the action of the alkyl iodides on sodium arsenide produces 
tfialkarsine together with tetra-alkyl diarsine [ethyl cacodyl). 

2AsCI,4-3Zn(CHJ,=2As(CH,)a-f3Zna,. 

AsNa,+3CaH,l -As(C,H,),+3NaI. 

(4) The interaction of trisodium or tripot issium arsenite and alkyl 
iodides gives rise to the sodium salts of aljs)}! arsonic acid (A. 249 ,147 ; 
C. 1905, I. 860), which reaction is similar to that of tlie formation 
of alkyl sulphonic acid s^Us from potassium sulphite and iodoalkyls 
(p. 146). 

K3AsO,+CH,I=CHjAsO(OK)*+KL 

The method for alkylating arsenic can be pushed further for the production of 
di- and tri-alkyl compounds, Methyl arsenic oxide, obtained from methyl 
arsenic acid by reduction wdth SO, (see below), yields cacodyUc acid or dimethyl 
arftcnious acid by the action of iodomethane and alkalis; 

CH»AsO+ 2 KOH-f CH,I«(CH J,AsOok-f KI+H,a 
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MONOALKYL-ARSINE COMPOUNDS Xfj 

Cacodyl oxide, obtained by reduction of cacodylic acid, or &om arsenic direct^ 
nves trimethyl arsenic oxide, when treated with iodomethane and alkali (C, 1904, 
1. 80): 

(CH.) ,AsOH+KOH+CH,I«(CH J ,AsO+KI +H, 0 . 


MONOALKYL-ARSINE COMPOUNDS 

The formation of monomethyl arsenic chloride, As(CHs)Cl2, results from the 
property possessed by the derivatives of the type AsX,. of adding two halogen 
atoms (Cls) and passing into compounds of the torxjff AsX^. The more chlorine 
atoms these bodies contain, the more readily do they split o£i methyl chloride. 
Thus As(CHs)Cl4 breaks down, at o*’, into AsClg and CH3CI; and As(CHg)gClg, 
at 50®, into As(CHg)Clg and CH3CI: 

+cii • 

As(CHj)s -^ As(CH3)3Clg-^ CHaCl+As(CH JgCl 

+Clg 50* 

As(CHs)*Cl-^ As(CH8)jCl3- > CH3Cl+As(CH3)a* 

+CI, o* 

As(CH,)Cl, -^ As{Cn3)Cl4 -^CHjCl+AsClj. 

These reactions are the reverse of those described (method no. 4) for the pro¬ 
gressive elaboxation of methyl-aisenic compounds fiom arsemc. 

Methyl Arsine Dichlor%de, CHgAsCl*, b.fx 133®, results from cacodyl 
trichlonde, (CH3)3AsCl3 (see above), or cacodylic acid by the action of HCl, also 
from methyl arsenic acid (see below) and an excess of PClg (C. 1906, U. loi). , 
It is a heavy, water-soluble liquid. Similaily, Methyl Arsine Dxtodtde, CHgAsIg, 
is obtained from methyl arsenic acid by reduction by SO3, followed by precipi¬ 
tation with HI. The methyl arsine dilialide yields Methyl Arsenoxtde, CH,AsO, 
m.p. 95®, by the action of NaiCOg; with HjS is formed Methyl Arstne Sulphide, 
CH3ASS, m.p. no®; and with AgjO the silver salt of mqthyl arsenic acid is 
obtained. 

Methyl Arsenic Acid, CH8AsO(OH)a, m p. 161®, and Ethyl Arsenic Acid, 
C|H5AsO(OH)j, are best prepared from potassium arsenite and iodoalkyls in 
aqueous solution (see above) ; boiling magnesia mixture precipitates the mag¬ 
nesium salt (C. 1905, 1 800) The sodium salt of methyl arsenic acid is employed 
medicinally under the name of Atrhenal (comp. C. 1905, I. 1699). Reduction 
of methyl and ethyl arsenic acids with hypophosphite in a sulphuric acid solution 
leads to the formation of Methyl and Ethyl Arsemo (CHgAs)^ and (CgHgAs), as 
yellow easily polymensabic oils (C. 1904, II. 415 ; 1906, 1 . 730). 

Methyl Arstne, CHjAsHg, bp. +2®, and Ethyl Atstne, CjHjAsHj, b.p. 36®, 
result from reduction of the alkyl arsenic acids by amalgamated zinc dust, alcohol, 
and hydrochloric acid.. They are colourless liquids of a cacodyl-like odour, 
very poisonous, and* form salts with acids with great difficulty or not at all. 
Methyl arsine is not spontaneously inflammable. Oxidation leads first to methyl 
arsenoxidc and then to methyl arsenic acid; iodoalkyls give rise to the alkyl- 
arsines, tf.g. tetraalkyl arsonium iodide (B. 34 , 3594 ; C. 1905, I. 799). 


DIALETL ARSINE DERIVATIVES 

Cacodylic Oxide, Alkarsine, “^5®, b.p. 120®, 

Di 6= 1*462, is the parent substance for the preparation of the 
dimethyl compounds. It\ formation from ^potassium acetate and 
arsenic trioxide has already oeen given on p. 176. The crude oxide 
ignites spontaneously in the air. This is Chie \o the presence in it of 
a slight amount of free cacodyl. When prepared from cacodyl 
chloride by potassium hydroxide it does not ;nflamc spontaneously, 
and consists of a liquid with a stupefying odour. It is insoluble in 
water, but readily soluble in alcohol and in ether. 

Dimethyl Arsine, Cacodyl Hydride, (CH3)2AsH, b.p. 36*^, D29=i’2i3, 
is produced when zinc and hydrochloric acid act on cacodyl 
TOL. I* • H 
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chloride in alcoholic solution. It is a colourless, mobile liquid, vnth 
the characteristic cacodyl odour, and inflames spontaneously in the 
air. It combines with acids to form very easily dissociated salts; 
the halogen acid salts decompose into hydrogen and cacodyl chloride, 
bromide or iodide. With iodoalkyls it forms tetraalkyl arsonium 
iodides. It unites with sulphur, producing cacodyl disulphide, 
[(CH3)2As] 2S 2, m.p. 50“, and cacodyl sulphide, [{CH3)2As]2S, b.p. 211®. 
Oxidation produces cacodyl, cacodyl oxide, cacodylic acid, As203,C02, 
etc., according to the degree of action (B. 27 ,1378 ; C. 1906, I. 738). 


Cacodyl Chloride, As(CH8)2CI, b.p. 100®, is formed by heating trimethyl- 
arsine dichloride, As(CH,)3Cl3 (p. 177), and by acting on cacodyl oxide 
with hydrochloric acid, as well as from Cl, and cacodyl. It is more readily 
obtained by heating the mercuric chloride compound of the oxide with hydro¬ 
chloric acid. It unitescwith chlorine to form the trichloride, As(CH,)3Cl,, which 
renders possible the transition from the dimethyl compounds to the monomethyl 
derivatives. ' 

Cacodyl Cyanide, As(CH3),.CN, m.p. 36®, b.p. 140®, is formed by heating 
cacodyl chloride with mercuric cyanide. 

Cacodylic Acid, (CHgjaAsO.OH, m.p. 200® with decomposition, corresponds 
in its composition to dimethyl phosphinic acid (see p. 175). Cacodyl oxide, 
by slow oxidation, passes into cacodyl cacodylate, which breaks down, when 
distilled with water, into cacodylic oxide and cacodylic acid: 


As(CH3)jn^q , Q 

As(CH3)3^^+^ 

*ot1cni*AO+H.o 


_ As(CH3),.o 

OAs(CH8 ),^'^* 

= [As(CH,),] 30 + 20 As(CH 3 ),. 0 H. 


It is also obtained by the action of mercuric oxide on cacodylic oxide. t>n 
the formation of cacodylic acid from methyl arsenoxide. KOH, and iodomethane, 
see method of formation 4. p. 177. 

It is easily soluble in water and is colourless. Like arrhcnal (p. 177) it is 
employed pharmaceutically, but is more poisonous. Cacodylic acid forms salts 
with bases KdOjMe and with acids KdOX—it is an amphoteric electrolyte (B. 87 , 
2705, 3625, 4140). With HjS it forms Cacodyl Sulphide, with HI Cacodyl Iodide, 
(CH3)iAsI. PClj changes it to Dimethyl Arsine Trichloride, (CH8)gAsCl,, irom 
which water regenerates cacodylic acid. 

As(CH 3 ), , 

Cacodyl, Arsenic Dimethyl, Asj(CH3)4= | , m.p. —6®, b.p. 170®, is 

As{CH,). 

formed by heating the chloride with zinc filings in an atmosphere of carbon 
dioxide; 

,^/As(CH 3). =*Ha CI.As(CH 3), Zn ^ As(CH,),. 

- > Cl.As(CH,), -^ As(CHJ,. 


It is a colourless liquid, insoluble in water. Its odour is powerful, and may 
induce vomiting. Cacodyl takes fire very readily in the air and burns to AsiOg, 
carbon dioxide and water. It yields cacodyl chloride with chlorine, and the 
sulphide with sulphur. Nitric acid converts it^to a nitrate, As{CH,)jO.NOa. 

Ethyl Cacodyl, | , b.p. 185-190®, is formed together with triethyl 

arsine on heating .sodium arsenide with ethyl iodide. It takes fire in the air, 
and is converted by oxidation into diethyl arsenic acid, (CjHj)3AsO.OH. 

Diisoamyl Arsine Chloride, (C^Hii)*AsC], is produced from isoamyl chloride, 
arsenic trichloride, and sodium in ether. With H^S it changes to Diisoamyl 
Arsine Sulphide, m.p. 30®; with bromine water it forms Diisoamyl Arsinic Acid, 
(C.3Hii),AsOOH, m.p. 154® (C. 1906, I. 741). Diisoamyl Arsine, (C|HLi)gAsH, 
b.p. 30150®. results from the reduction of diisoamyl arsinic acid; it is not spoo- 
taneously inflammable (C. 1906, 1 . 74). 
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The tertiary arsines are formed by the action of the zinc alkyls on arsenic 
trichloride, and by heating the alkyl iodides with sodium arsenide. Cacodyl, 
formed simultaneously, is separated by fractional distillation. 

Trimethyl Arsine (CHa),As, and Triethyl Arsine, (CiHg),As, are liquids with a 
very disagreeable odour. With oxygen they yield Trimethyl Arsenoxide (CH,)aAsO, 
and Triethyl Arsenoxide, (C,Hq)3AsO. These bodies correspond to triethylamine 
oxide (p, 172) and triethyl phosphine oxide (p. 17?^'; with sulphur they yield 
trimethyl and triethyl arsine sulphide, As(C2He)sS; and with Br, and 
they form trimethyl arsine bromide, As(CH8),Br2, and triethyl arsine iodide, 
As(C.H,).I,. 

QUATERNARY ALKYL ARSONIUM COMPOUNDS 

Tctra-alkylarsonium iodide is obtained (i) from mono-, di-, or tri-alkyl 
arsine by means of iodoalkyls; (2) from sodium arsenide, mercury arsenide, or 
powdered arsenic and iodoalkyls by the aid of heat (A. 341 , 182 ; C. 1907, I, 
152). Tetramethyl Arsoniunf Iodide, As(CHa)4l, and Tetraethyl Arsonium Iodide, 
As(C,Hj)4l, m.p. of both indefinite, are stable, and arc of good crystalline form. 
They correspond with the tctraalkyl ammonium and phosphonium iodides 
(pp. 103, 174). Like them they are changed "by moist silver oxide into the 
hydrated oxides: Tetramethyl Arsonium Hydroxide, {As(CH3)40H, and Tetraethyl 
Arsonium Hydroxide, As^C^H4)4011. are crystalline deliquescent bodies, possessing • 
a strongly alkaline reaction. 


8. ALKYL DERIVATIVES OF ANTIMONY 

The'derivatives of antimony and the alkyls are perfectly analogous to those 
of arsenic, but those containing one and 1\vo alkyl groups do not exist. We are 
indebted to Lowig and to Landolt for our knowledge of them. 

Tertiary Stiblnes are produced like the tertiary arsines: 

(1) by the action of alkyl iodides on potassium or sodium antimonides ; 

(2) by the interaction of zinc alkyls and antimony trichloride. 

Trimethyl Stibine, Sb(CH3)3, b.p. 81®, Ilj5 = i‘523. and Triethyl Stibine, 
Sb(C2H4)s, b.p. 159^, are liquids which take fire in the air. and are insoluble in 
water. In all their reactions they exhibit the character of a bivalent metal, 
such as calcium or zinc. With oxygen, sulphur, and the halogens, they combine 
energetically, and even .decompose concentrated hydrochloric acid : 

•Sb(C,H4),+2HCl=Sb(CaH,),Cl2-hH,. 

Triethyl Stibine Oxide, Sb(C,H4)aO, is soluble in water, which is also true of 
Triethyl Stibine Sulphide, Sb(Cj|H5)8S, which consists of shining crystals. Its 
solution behaves somewhat like a calcium sulphide solution. It precipitates 
sulphides from solutions of the heavy metals with the formation of salts of triethyl 
stibine. Triethyl Stibine Chloride is also prepared from antimony pentachloride 
and CjHjMgl. The iodide, m.p. 70® (B. 37 , 320). 

Quaternary Stlbonium Compounds, prepared from tertiary stibines by the 
addition of alkyl iodides, are changed by moist silver oxide into tetra-alkyl stibonium 
hydroxides. Tetramethyl ond x^aethyl Stibonium Itdide, Sb(C,115)41. as well as 
Tetramethyl and Tetraethyl Stib^ium Hydroxide, (C2H5)4SbOH, greatly resemble 
the corresponding arsenic derivatives in their properties. For mercury double 
salts with tetra-alkyl stibonium halides, sec C. ig^, 


9. ALKYL COMPOUNDS OF BISMUTH 

These are closely comparable with those derived from antimony and arsenic; 
but in accordance with the more metallic nature of bismuth, no compoundi 
analogous to stibonium or arsonium are formed. 
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, f^irther, in trialkyl derivatives the al^l groups are less intimately united 
with the bismuth they are with arsenic and antimony in their corresponding 
derivatives. 

Tertiary Bbmuthides result from (i) the action of alkyl iodides on potassium 
bismutlride; (2) the interaction zinc alkyls and bismuth tribromide. 

Bismuth Trimethyl, Bi(CH3)|", and Bismuth Triethyl^ Bi(C3H|)s, are lipids 
which can be distilled without decomposition under reduced pressure. They 
explode when heated at the ordinary pressure (B. 20 , 1516 ; 21 , 2035). Bismuth 
trimethide is changed by hydrochloric acid to BiClg and methane. The tri-ethide 
is spontaneously inflammabre. It unites with iodine to Bismuth Diethyl Iodide, 
BiiCiHg)]!; and reacts with mercuric chloride to form Bismuth Ethyl Dichloride, 
Bi(C.H,)a,: 

Bx(C,HJ.+2HgCl,=Bi(C,HJCl,+2Hg(C,H3)a 


From the alcoholic solution of the iodide the alkalis precipitate Bismuth 
Ethyl Oxide, Bi{CsH5)0, an amorphous, yellow powder, which takes fire readily 

in the air. The nitrate^, Bi(Cj|H,)<Q is produced by adding silver nitrate 

to the iodide. 




10. ALKYL DERIVATIVES OF BORON 

I 

These are formed by the action of zinc alkyls on (i) boron trichloride, 
{2) bone ethyl ester (p. 141) (Frankland, A. 124 , 129): 

2B(0C3HJ,+3Zn(C,H,)a=:2B(C,H,)3+3(C3H,.0),Zn. 

Trimethyl Bonne is a gas. 

Trxethyl Bonne, B(C2H5)3, b.p. 95®. Both ignite in contact with the air and 
possess an extremely penetrating odour. When heated together with hydro¬ 
chloric acid, triethyl borine decomposes into diethyl borinc chloride and ethane:' 

B(C2H3),-fHCl=B(C,H,)aCl+CaH,. 

Slowly oxidized in the air, tricthyl borine passes into Ethyl Boric Diethyl Ester, 

b.p. 125®, which water decomposes into Ethyl Boric Acid, 


II. ALKYL DERIVATIVES OF SILICON 

Silicon is the nearest analogue of carbon, to which its similarity is 
specially close in its derivatives with the alcohbl,radicals, which in 
many respects resemble the correspondingly constituted paraffins 
[Friedel; Crafts ; Ladenburg, A. 203 , 241). As early as 1863 Wdhl&r 
directed attention to the analogy existing between the carbon and 
silicon compounds. 

Silicon Tetramethyl, Si (€113)4, corresponds with Tetramethyl Methane, 

C(CH 3 ) 4 . 

Silicon Tetraethyl, Si(C2H6)4, corresponds with Tetraethyl Methane, 

C(C 2 H 5 ) 4 - ' 

They are produced, like the alkyl borfaes, when zinc alkyls act on 

1) Silicon halogen compounds; 

2) Esters of silicic acid. 

3) Also, silicon tetrachloride and ethyl magnesium iodide or 
bromide in ether givb rise to a number of bodies according to the 
quantity of the second reacting substance employed: 

C.H.SiCl,- > (C,H,),Siag-(C,H3),Sia-(CtH^hSi. 

Bthyi &Ueoa Diethyl SiUcon Tfiethyl Silicon Tetraethyl 

Tcieblorlde. Dichlotide. Chloride. SUieon* 



I 


GERMAUIOM ALKYL DERIVATIVES i8i 

If ethfl silicon trichloride is acted on by other organo-magnesium 
halides, mixed alkyl sihcon compounds can obtained, e,g, ClSi(C2H5)- 
(CflH5)(C8H7) (C. 1904, 1 . 636, 1907, 1 . 1192). 

(4) Silicon tetrachlonde or silicon chloioform, chloro-alkyls, and 
sodium in ether react to form alkyl silicon compoimds: 

Sia 4 4-4ClCaH, +8Nd=Si(C jlla) 4 +SNaCL 
HSiCl4+3ClC4H„4-6Na=HSi(C4H,l)4+6Naa. 


Silicon Tetfamethyl, Si(CH3)4, b.p. 30®, Dq- o 928, a liquid insoluble 
in water, is prepared from S1CI4 and zinc mctl yl. 

Silicon Tetraethyl, Silicononane, Si(C2H,)4,»b.p. 153®, Do=0'834, 
formed from S1CI4 and Zn(C2H5)2, or C2H5CI and sodium, is a liquid 
insoluble in water. By the action of chlorine, it forms sihcononyl 
chlonde, a substitution product Potassium aceiate changes this to 
the acetic ester of sihcononyl alcohol, which alkahs decompose into 
acetic aad and silioononyl alcohol: 


Silicononane, 
bp 153 * 


C^H,. 


.CjH4a 


Silico lonvl C blondp 
bp 85 ’ 


Sibconoiiyl Alcohol, 
b p 190* 




Sihcon Tetraisoamylf bp 275® Silicon Tritsoamyl Hydride Si(C4Hj,)4H, 
b p 245®, with bromine, passes into Silicon Tnamyl Bromide Si(C5Hji)jBr, b p 
270®, d heavy liquid, fuming in the air, which with ammonia gives Tnamyl 
Sthcol, Si(C,Hii)»OH, bp 270® (B 38 , 1665) 

. DisiliconHexethyl 814(04114)4 bp 2 50-2 51®, is formed from zinc ethyl and S14I4. 
Tnetkyl Silicon Ltlfixide^ (C4Hg)*SiOC4H5, bp 153® 

Diethyl Sihcon Diethoxide, (C8Hj)jbi{OC4Hg)4, bp 155 8® 

Ethyl Silicon TrietJuxide (C£l{g)Si (0 04114)4 bp 159®, is a liquid with a 
camphor like odour. These three compounds are produced when zmc ethyl 
acts on silicic ethyl ester, 81(004115)4 (p 141) 

Acetic anhydnde converts tnethyl sihcon ethoxide into an acetic ester. 
When this is hydrolyzed by potassium hydroxide, it yields Tnethyl Sihcon 
Hydroxide or Tnethyl Sihcol, (04H4)4SiOH, corresponding in constitution with 
Tnethyl Carbxnol 

Acetvl chloride changes diethyl silicon diethoxide into Diethyl Sihcon Chlonde, 
(04H4)2&iCl4, bp 148® Witer converts this into Diethyl Sihcon Oxide, 
(04Hg)4SiO, corresponding with diethyl ketone in composition 

With acetyl chlonde, ethyl sihcon triethoxide foims I thyl Sihcon Trichloride, 
(04114)81014, bp about 100® This liquid fumes strongly in the air, and when 
treated with water passes into ethyl silicic acid, (C4Hg)SiOOH (silico-propionic 
acid), which is analogous to propionic acid, 0,H4 OO OH. in constitution It is 
a white, amorphous powder which becomes incandescent when heated in the 
air It only resembles the corresponding propionic acid by being acidic m 
character. 


(C4H4)48iOH, Tnethyl 81I1C0I corresponds with (C4H5)40 OH, Tnethyl OarbinoL 
(CiHg) jbiO, Diethyl Silicon Oxide corresponds wilji (CjHs)*^©, Diethvl Ketone. 
C4H4 SiOOH, Silico-propiomc I^id corresponds with C4H4 COOK, Propiouic Acid, 


12. ALKYL DERIVATIVES OF qpRMANIUM 

The compounds of germanium form the transition from those of silicon to 
those of tin 

Germaninm Ethyl, Ge(C,H4)4, b.p. 160®, is formed when zinc ethyl acts 
on germamum chlonde. It is a liquid with a leek-hke odour, (C/. Winkler^ 
J. pr. Ch, [3] 884^104.) 
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13 . TIN ALKYL COMPOUNDS 


In addition to the saturate 4 denvatives with four alkyls, tin is 
also capable of uniting with three and two alkyls, forming: 


Sii(C.HJ4. 

Tin Tetraethyl. 


Sn(C,H,), 


■*Sn(C.H,), 

lln fncthyl 


Sn(C.H,), 

II or 

Sn(C,H,). 
Tin Diethyl. 


Sn(CaHJ, 


The alkyl dtnvatives of tin were studied by Lowtg, Cahonrs, Ladenburg, and 
others Iht reactions cmnloycd to cause the combination of tin with alkyls are 
the same as were employeci in the cases of arsenic, antimony, and other elements 
(i) The action of zinc alkyls on stannic chloride, whereby Sn(CHj4 and 
Sn{C,H5)4 are produced (B 37 , 320, C 190^, 1 353) (2) The action of alkyl 

iodides on tin-sodium (tm alone or tin-zinc) When the alloy contains a (?reat 
deal of sodium, Sn(C2H5)jIi is produced, but when comparatively little sodium 
IS present th'* chief pioduct is Sn(C2H()2l Sodmm abstracts iodine from 
both ot the primarily formed iodides with the formation of SHjICjHj)* and 
Snf(C2Hg)2 These can be separated by means of alcohol, in which the latter is 
insoluble , 

Tin Tetramethyl, Sn(C 113)4, 7 ®“* and Tin Tctriethyl, Sn(f 2115)4. bp 

181®, D2s==ii 87, both arc colourless, ethereal smelling liquids, insoluble in 
water By the action of the halogens the alkyls arc successively eliminated , 
hydrochloric acid acts similarly 

Sn(C2lf5)4H"f a”Sn(021^5)31-(-C|H5l, etc. 

Sn(C2H3)4+HCl=Sn(C,HB),CH sCjH,. etc 

(For tm tetra-alkyls with different alkyl groups see C 1904, 1 353 ) 

The alkyl groups arc not so hrmly united in the zme alkyls as tticy are in the 
alkyls of silicon 

Itn 7 nelhyl Chloride, Sn(C3H,)jCl, bp 2oS-2io°, 0 = 1428 Itn Tnethyl 
Iodide Sn(C2H5)„I, bp 231° 022 — 1833 Alcohol and ether .ire solvents for 
both When either is acted on by silver oxide or potassium h^fliOMle, there 
IS produced * 

Tin Tnethyl Hydroxide, Sn(CaHs),OH, mp 66®. bp 272® is sparingly 
soluble in water, but dissolves rcadilv in alcohol and ether. It reacts strongly 
alkaline, and yields cryst ilhno salts with the acids, e g Sn(CjH2), O NO, When 
the hydroxide is heated for some time to almost boiling temperature, it breaks 

down into water and Ttn Iriethyl Oxide, hqmd, which m 

the presence of water at oncf regenerates the hydxoxide 

Tin Trietbyl, SnaCt b p 205-270°, with slight decomposition (see above), 

IS a liquid, of mustard-hke odour, insoluble in alcohol, but readily soluble m 

ether. It combines with oxygen foiming tm tnethyl oxide, Sn(C*H*j*^^' 

and with iodine yields tm truthvl iodide, Sn{C2H,),I 

Tin Diathyl, Sn,(C,115)4 or Sn(t jH5)j. is a thick oil, decomposing when 
heated into Sn(C2H5)4 and tin It combines with oxygen and the halogens 
Ttn Dtethyl Chloride, mp 85®, 2zo° tot/icfc, Sn(C2H5)2l„ 

m.p 44 5** b p 2 45® * X 

Ammomum hydroxide and the alkalis precipitate from aqueous solutions 
of both the halogen compounds; 

Ttn Dfethyl Oxtdr, Sn(Q,H5^^)20, a white, insoluble powder. It is soluble m 
excess of alka^> and forms crystalline salts with the acids, e g Sn(C3H5)2(ONOt)t 
Methyl Stannontc Actd, CHaSnOOH, is formed at ordinary temperatures 
from lodomethane and aif alcoholic solution of an alkaline stannous solution 
siimlarly to the preparation of methyl sulpbomc acid and methyl arsemc acid 
(pp 146, 177) from lodoethane and an ^kaJine solution of sulphurous and 
arseuioua acids: 

ICHt+HSnO.K+KOH »CH»SnO«K+KI +HaO; 
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Meth^ stannonic acid is a white amorphous powder, soluble in potassium 
hydroxide solution, from which it is precipitated by CO|. Warming with alkalis 
produces stannates and Dimethyl Stannic Oxide, which by distillation with alkalis 
decomposes into stannates and Trimethyl Stannic Hydroxide : 

aCH.SuO.K -^ SnO,K8-f(CH,)jSnO. 

3{CH,),SnO 2(CH,)3SnOH+K,SO,. 

Similarly, Ethyl Stannonic Acid yields Diethyl Stannic Oxide. 

Methyl stannonic acid is transformed by the halogan acids into Methyl Stannic 
Triiodide, CHgSnls, m.p. 86®, Methyl Stannic Tribromide, CHgSnBrj, m.p. 53®, 
and Methyl Stannic Trichloride, CHjSnClj, m.p, 43®, which fume in the air like 
tin tetrachloride. Thus, methyl stannonic acid behaves like cacodylic acid, as 
an amphoteric electrolyte. Methyl stannic triodidc can also be obtained from 
stannous iodide and iodomethane at 160® ; from staniTic iodide and magnesium 
methyl-iodide together with Trimethyl Stannic Iodide, (CHJgSn, b.p. 170® (B. 86» 
3027; 87 , 4618); and by heating together tin tetramethyl and stannic iodide 
(C. 1903, IL 106). 


14. METALLO-ORGANIC COMPOUNDS 

The metallo-organic compounds are th«)se resulting from the union 
of metals with univalent alkyls ; those with the bivalent alkylens, 
CnH2n, have not yet been prepared. Inasmuch as we have no marked 
line of difference between metals and non-metals, the metallo-organic 
derivatives are connected, in the one direction, through the derivatives 
of antimony and arsenic, with phosphorus and nitrogen bases ; and in 
the other, through the selenium and tellurium compounds, with the 
sulphur alkyls and ethers; whereas the lead derivatives approach 
those of tin, and the latter the silicon alkyls and the hydrocarbons. 

Upon examining the metals as they arrange themselves in the periodic system 
it is rather remarkable to find that it is only those which attach themselves 
to the clectioncgative non-metals that are capable of yielding alkyl derivatives. 
In the three large periods this power manifests and extends itself only as far as 
the group of zinc (Zn, Cd, Ilg). (Comp. Inor^anxc Chemistry.) 

In a sense the metallic carbides, CgNa,, CgCa, C3AI4 (pp. 67, 88) can also be 
looked on as being metallo-organic compounds. 

Those compo^ds in which the metals present their maximum 
valence, e.g.: 

II III IV IV 

Hg(CH,)g A 1 (CH,), Sn(CH,)4 Pb(CHg)4 

are volatile liquids, usually distilling without decomposition in vapour 
form: therefore, the determination of their vapour density is an accurate 
means of establishing their molecular weight, and the valence of the 
metals. • 

The behaviour of the metallo-organic radicals, derived from the molecules 
by the loss of single alkyl groups, is cspecia^y noteworthy. The univalent 
radicals, e.g.: • 

XI III IV IV V 

—Hg(CH,) —T 1 (CH 8 ), —Sn(CHJ, —PbJCHg), —SbtCHJg, 

show great resemblance to the alkali metals in all their derivatives. Like other 
univalent radicals, they cannot be isolated. They yield hydroxides, e.g. : 

Hg(C,Hd.OH Tl(CHd|.OH Sn(CHd,.OH. 
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which are perfectly comparable to KOH and NaOH. Some of the univalent 
radicals, when set £:ec from their compounds, become doubled: 

AsICHa), Si(CH,), Sn(CHJ, Pb(CHj3 

Si(CH3)a Sn(CHj3 Pb(CHJ,. 

By the loss of two alkyls from the saturated compounds, the divalent radicals 
result: 

HI IV IV V 

=Bi(CH,) -Te{CH,)3 =Sn(C3H3)3 =Sb(CHJ,. 

In their compounds (oxides and salts) these resemble the divalent alkali 
earth metals, or the metals of the zinc group. A few of them occur in the free 
condition. As unsaturatod molecules, however, they show strong inclination 
to saturate two single affinities directly. Antimony tnethyl, Sb{CjjHB)3 (see 
p. 179), and apparently, also, tellurium diethyl, Te{CjH5),. have the power of 
uniting with acids to form salts, liberating h3’'drogen at the same time. This 
would indicate a distinct metallic character. 

Finally, the traviknc radicals,like =As(CHg)3, can also figure as univalent, 
as in the case of vinyl, CjHg. These may be compared to aluminium; and 
cacodyhc acid, Ai*(Clls ),0 OH (p. lyJ-), to aluminium metahydroxide, AlO.OH. 

We conclude, therelore, that the electro-negative metals, by the successive 
union of alcohol radicals, always acquire a more strongly basic, alkaline character. 
This also finds expression with the non-metals (sulphur, phosphorus, arsenic, 
etc.). (Comp. pp. 145, 17J. 175.) 

The first mctallo-organic derivatives were prepared by Frankland, 
Zinc alkyls arc particularly important as all^lating bodies, but are 
being replaced by magnesium alkyl halides, which are much more 
convenient to work with. 

Methods of Formation: 

(1) Action of metals (Mg, Zn, Hg) on alkyl iodides. 

(2) Action of alloys (Pb, Na) on alkyl iodides (see Bi-, Sb-, Sn- 
compounds). 

(3) Action of metals (K. Na, Be, Al) on metallo-organic bodies 
(zinc alkyls, mercury alkyls), 

(4) Action of metallic chlorides (PbCl2) on mctallo-organic deriva¬ 
tives (zinc alkyls or magnesium alkyl halides; comp. BCI3, SiCl4, 
SnCl4, GeCl4 on zinc alkyls or magnesium alkyl h&lides). 


A. ALKYL DERIVATIVES OF THE ALKALI METALS 


When sodium or potassium is added to zinc methyl or ethyl, zinc separates 
at the ordinary temperature, and from the solution which is thus produced, 
crystalline compounds deposit on cooling. The liquid retains a great deal of 
unaltered zinc alkyl, but it also appears to contain the sodium and potassium 
compounds—at least it sometimes reacts quite differently from the zinc alkyls. 
Thus, it absorbs carbon dioxide, forming salts of th^aity acids (Wanklyn, A. Ill, 

234): jf 

C,H,Na-hC 03 =C,H 3 .C 0 ,Na. 

Sodium Propionate. 

4 * 

These decomposable bodies cannot be separated in a pure condition. 


B. ALKYL DERIVATIVES OF THE MAGNESIUM GROUP 

Beryllium Ethyl. Be(CtH,),. b.p. 185-188**, formed by the 3d method, ignites 
spontaneously, heryllivm Vro^yl Bc(C3H7)|, b.p. at 245®. 

Magnesium Dimethyl. Mg(CHOi and Magnesium DtsMy/, Mg(C|H|)a. result 
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from the action of Mg on the corresponding mercury compounds. They axe 
white, solid, substances, which inflame spontaneously even m a CO^ atmosphere, 
and are decomposed by heat evolving hydrocarbons They react with water 
like the zinc alkyls (A 276 , x2o) 

Magnesium Alkyl Halides —\V 1 iilst the magnesium alkyls are troublesome to 
prepare and to mampulate, the preparation of the magnesium alkyl halides is 
exceedingly easy and convenient, especially in solution The metal is dissolved 
in a solution of the alkyl halide in absolute ether, and the reagent is ready for 
use: 

C,HaBr+Mg ^C.H^MgBi^' 

The general apphcability of this reaction was first recogmzed by the French 
chemist Gr%gnard* whose hamc is associated with the reaction and solution 
In a short time it was employed by a large number pf investigators, and has 
become an invaluable agent in orgamc synethesis 

The reaction proceeds most quickly m the case of alkyl iodides and bromides, 
whilst methyl and ethyl chlorides require assistance to react in the form of an 
addition of iodine (B 38 , 2759) HgClj (C 1907 ,1 872) or a previously prepared 
magnesium solution (B 38 , 1746 C 1907, I 455) * Alkyl halides behave 
similarly to the alkyl hahtjes (B 36 , 2898) Sometimes the reaction pro¬ 
ceeds abnormally, splitting oA halogen acids as in the case of isopropyl iodide, 
and especially tertiary alkyl halides , at low temperatures, however, ue normal 
reaction takes place (C II 183) It^s of importance that the haloid 

aryls, such as lodo- and bromo benzene react analogously to the alkyl halides 
(Vol II) 

Distillation of the solvent (ther leaves the magnesium alkyl hahdes behind 
usually m the form of cryst illine 'etherates RMgl 0(C|H5)| RMgl 20 (C,H|)|, 
which dis'-olvc easily in tthei benzene etc If these double compounds arc 
decomposed in vacuo at raised temperatures agicyish white mass remains , it is 
insoluble in ether, it becomes hot m contact with the air and decomposes violently 
in water Ihc ether apparently act> as a cat ilyzer in the Grtgnard solution, 
its action is weakened when other sohents especially chloroform, carbon disul¬ 
phide etc arc employed (C 1906 I 130. II 171S) Similarly to ether, the 
tertiary amines eg dimethylimine al o act catalytically, and these also form 
double compounds with the magnesium alkyl halides such as H'MgXNRa (B 37 , 
3088 C 1904 II 836) The addition of a few drops of dimethyl aniUne to a 
benzene solution of lodoethane, foi example, causes the production of pure 
Ethyl Magnesium Iodide by the action of magnesium, in the form of a white 
powder Tins icacls analogously to the " etherates ” and dissolves in ether, 
with an evolution of heat to form these bodies (B 38 , 4554 , 39 , 1674) 

The cth( re il solutions of the magnesium alkyl halides arc very reactive and 
exhibit similar icactions to those of the zinc alkyls, which however, usually 
run more smoothly (n *1 S() 

(i) Water alcohols, ammonia primary, and secondary amines, bring about a 
more or less violent decomposition, causing the generation of hydrocarbons 

C,H,MgIfROH -CaH.-fROMgl, C,H,MgI+RNH,=C,H,+RNHMgI 

Acetylene and hydrocyanic acid behave similarly 

(-) Oxygen and sulphur are absoibcd, and alcoholates and mercaptides 
result 

RMgX+O-^ROMgX, RMgX+S=RSMgX, 

(3) CO,, cos, CS, so, taken up, forming salts of carboxylic acids, 
thiocarbonic acids, caibithiomc * ids, sulphimc acids, e g 

C.HjMgl +CO,=C,H,COOMgI 

NO, forms salts of the j8 di ilkyl hydroxylamincfe (p ^171) and NO those of the 
j8-nitroaO-alkyl hydroxylamincs (p 172) 

Salts of the diazo-amino bodies result from hydrazoic esters 

(4) Aldehydes, ketones, carboxylic acid esters, anhydrides, chlondes and salts 
yield primary, secondary, and, especially easily, tertiary alcohols (pp 106,108). 

* Sur les combinaisons organomagn6siennes mixtes ct leurs applications 
& des syntheses” L\on, 1901 See also “Ueber die organischen Magnesiuxn- 
verbmdungcn und ihre Anwendung zu Synthesen/' J. Scbimdt, Stuttgart, 1905. 
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Many of these tertiaxy alcohols give up water yielding olefines, especially 
in msence of an excess of KMgX; e,g. diolefines (p. 90), etc. 

£thylene oxide and its homologues unite with the magnesium alkyl halides 
to form alcohols (p. 106). 

Formic acid derivatives, such as^esters, orthoesters, imido ethers, dialkylamides, 
isonitriles, under suitable conditions, yield aldehydes. 

Carboxylic acid amides and nitriles frequently give rise to ketones. 

The magnesium alkyl halides are added on to many aj8-olcfinc ketones, 
carboxylic acid esters, and nitriles at the double bond, forming the corresponding 
fi-alkyl paraffin compound»i (C. 1907, I. 559, etc.). 

With Sekiff's base, RCHiNR', they form secondary amines, RR"CH.NHR'. 
Often these bodies, ketones, and other substances are only reduced by the organo- 
magnesium halides (B. 38 , 2716; C. 190b, U, 312). * 

Iodine changes the n^agnesium alkyl chlorides and bromides to alkyl iodides 
(p. 133). 

(6) Halogen or sulphuric acid compounds of many radicals have the haloid 
or sulphuric acid residues replaced by alkyl, e.g.: 


CjHiiMgBr+BrCH.OCHj-^C,HiiCH,OCH,. 

C*HnMgBr+SO*(CH3),- 


By similar reactions for the preparation of isoamyl and isohexyl magnesium 
bromides, diisoamyl and diisohexyl are formed as by-products (p. 76) (B. 86 , 

3084). 

(7) On the formation of alkyl compounds of phosphorus, arsenic, antimony, 
' silicon, tin, lead, and thallium from organo-magnesium halides, and the chlorides 
of these metals and metalloids, see the previous and following sections. 

Calcium Ethyl Iodide is prepared similarly to the magnesium compound from 
calcium and iodoethanc in ether solution. It forms an "ctherate," CiH^Cal. 
0(CsHc)i which is a white amorphous powder, soluble with difficulty ia ether. 
It generates ethane when acted on by water (B. 38 » 905). 


C. ALKYL derivatives OF ZINC 

Zinc methyl and zinc ethyl were discovered in 1849 Ftanklani 
(A. 71 , 213; 85 , 329 ; 99 , 342), The zinc alkyls are exceedingly 
reactive, and are, on this account, the most important class of the 
metallic alkyls. 

Methods of Formation. —(i) When zinc filings act on iodides 
of the alcohol radicals in sunlight, iodides are formed, which are de¬ 
composed by heat into zinc alkyls and zinc iodide : 

CjHsI+Zn^IZnCjHs. 

2Zn<^‘**«=Zn(C,H,),+ZnI,. 

The action may be accelerated if the zinc turnings have been previously 
corroded, or by the application of zinc-sodium or zinc-copper. In preparing 
zinc ethyl, ethyl iodide is poured over zinc cuttings and a little pure zinc ethyl 
is then added. The formation of IZn.CgHs is ^en completed at the ordinary 
temperature, and this bod^ separates in large^ransparent crystals. When it 
is heated in a current of CO|, it yields zinc etnyl (A. 152 , 220; B. 26 , R. 88; 
C. 1900, II. 460). It is also formed by the solution of zinc in a boiling ether 
solution ot iodoethane (C.».i9o^*, II. 24). 

(2) The mercury alkyls are converted by zinc into zinc alkyls, with the 
sepmtion of mercury; 

Hg(C,HJ,-hZn=.Zn(C.H,), 4 -Hg. 

Properties. —^The zinc alkyls are colourless, disagreeable-smelling 
liquids, fuming strongly in the air and igniting readily; therefore, 
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they can only be handled in an atmosphere of carbon dioxide. They 
inflict painful wounds when brought into contact with the skin. 

Zinc Methyl, Zxi(CHa)2, b.p. 46®; 0,0=1-386, and 

Zinc Ethyl, Zii(C0Ha}9, b.p. xi8®; D,0asx*x82, both solidify when oooled (B. 
261 , 59). 

Zinc Propyl, Zn(CH0CHaCHs)a, b.p. 146®. 

Zinc Isopropyl, Zn(CaH,)a, b.p. 136“ (B. 26 , R. 380). 

Zinc Isobutyl, Zn(C4H0)a, b.p. 166° (A. 223 , 16S). 

Zinc Isoamyl, Zn(C5H,,)s, b.p. 210® (A. 180 , 122).'^ 

Reactions. —The zinc alkyls are exceedingly reactive. 

(1) Water decomposes them very energetically, forming hydrocarbons and 

zinc hydroxide (see Methane, Ethane, pp. 71, 72). • 

(2) Oxygen is taken up by slow oxidation in the air, and compounds, e.g. 
(CH0),ZnO|, analogous to peroxides, are produced; they explode readily and 
liberate iodine from potassium iodide (B. 23 , 394)* 

(3) The alcohols convert the zinc alkyls into zinc alcoholates and hydro* 
carbons, depending on the relative quantities of the reacting bodies, e.g. ethyl 
zinc ethoxide, or zinc alcoholat*e may be formed, together with ethane (C. 1901, 11 . 
1200). 

Zn(C.H.). —> Zn<OAH. Zn<g;C.H|. 

(4) The free halogens decompose both the zinc alkyls and those of other 
metals very energetically: 

Zn(CaH5)j-f-2Br,=2C,H5Br+ZnBrj. 

(5) They react with chlorides of the heavy metals and the non-metals, whereby 
alkyl derivatives of the latter are produced (p. 18^). 

(6) The zinc alkyls absorb sulphur dioxide and are converted into the zinc 
salts of the sulphinic acids (p. 147). 

(7) Nitric oxide and zinc diethyl produce the zinc salt of the so-called dinitro^ 
ethylic acid, CjHj.NjOjH. 

The application of the zinc alkyls—zinc methyl and zinc ethyl—is particularly 
important in nucleus-synthetic reactions: 

(1) Hydrocarbons are formed when the alkyl iodides are exposed to high 
temperatures (p. 75). 

(2) When zinc alkyls (zinc and alkyl iodides) act on aldehydes, acid chlorides, 
acid anhydrides (C. 1901, II. 188), ketones, formic esters, acetic esters, lactones, 
and chlorinated ethers, derivatives of secondary, tertiary, and primary alcohols, 
as well as of ketones, are produced. The alcohols (pp. 105, 106) and ketones 
(p. 217) can easily bq ootained from them. 

The alkyl oxides and the alkylene oxides arc, however, not affected by the zinc 
alkyls (B. 17 ,196S ; C. 190X, II. 18S), but, on the other liand, the heating together 
of ethylene oxide and magnesium halides is a method of synthesis of the primary 
alcohols (p. 186). 


D. ALKYL DERIVATIVES OF CADMIUM 

Cadmium Ethyl, Cd(CH3)2, b.p. 104®, is prepared in very smaU quantities by 
heating the product of reaction-of cadmium and iod(»methane. It solidities in a 
freezing mixture. Its properties closely resemble those of zinc methyl. 

E. ALKYL DERIVATIVES OF MERCURY 

The dlslkyl compounds are formed— • 

(i) by the interaction of sodium amalgam and alkyl iodides, with the a<^tion 
of ac^ic ester {Frankland, A. 130 , 105, 109). The r 61 e of the acetic cater in this 
reaction has not yet been explained: 

»C0H0l+Hg.Na|«(CgH0)0Hg-h2Nal. 
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■ (2) by the action o£ potassium cyanide on mercury a^l iodides; 

(3) by the action of zinc alkyls on mercury alkyl iodides : 

2C2H.HgI+Zn(C,H,),=2(C,HJ,Hg+ZnI,. 

(4) by the action of zinc alkyle on mercuric chloride: 

HgCl,+Zn(C*Hj)a=(C,H5)sHg+Zna,. 

Properties. —These compounds are colourless, heavy liquids, possessing a faint, 
peculiar odour. Their vapours are extremely poisonous. Water and air occasion 
no change in them, but whbn heated they ignite easily. 

Mercury Meihyh Hg(CH3)„ b.p. 95®, 0=3*069. Mercury Ethyl, Hg(CaHj3, 
b.p. 159®, D=2*^4, and at zoo® breaks down into Hg and butane, CaHg.CaHg. It 
yields ethane (p. 73) when treated with concentrated sulphuric acid. 

Mercury sec.~Butyl, Hg[CH(CH3)(CaHB)]3, b-p.^* 91-93®, is prepared by elec¬ 
trolytic reduction of methyl ethyl ketone in sulphuric acid solution at 50® with a 
mercury cathode (B, 89 , 3626). 

2C,H30-|-Hg-|-6H=Hg(C4H,),-h2H,0. 

The mono-alkyl derivatives arise (i) by the action of mercury on alkyl iodides 
in sunlight; CjHal-f-Hg^CjHj.Hg.I; (2) from the dialkyl mercury derivatives 
— (a) by the action of halogens; (6) by the action of the halogen acids ; (c) by 
the action of mercuric chloride. 

Mercury Methyl Iodide, ClIaHgl, m.p. Z43®, forms shining needles, and is 
insoluble in water. Silver nitrate changes it to methyl mercury nitrate, 
CHgHg.ONOa. Mercury Ethyl Iodide, C^H^Hgl, is decomposed, by sunlight, 
into mercuric iodide and C4Hto. Mercury Allyl Iodide, CaH^Hgl, m.p. 135®, 
is converted by HI into propylene and mercuric iodide, Hgl|. Moist silver 
oxide changes the haloid derivatives to hydroxyl compounds : 

C3H3HgCl-f-AgOH=CjH5.Hg.OH-hAgCl. 

Ethyl Mercuric Hydroxide, CsH^HgOH, is a thick liquid, soluble in water an^ 
in alcohol. It reacts strongly alkaline, and forms salts with acids. 

Mercury compounds, derivable from glycol, result from the action of ethylene 
on mercuric salts (D. 84 , 29x0). 


F. ALKYL DERIVATIVES OF THE METALS OF THE ALUMINIUM GROUP 

The aluminium alkyl derivatives are comparable to those of boron (p. iSo). 
They are produced by the action of the mercury alkyls upon aluminium filings. 

Aluminium Trimethyl, A^CHj),, b.p. 130®. Aluminium Triethyl, A](C3H4)3, 
b.p. 194®. Both are colourless liquids and arc spontaneously infiammable. 
Water decomposes them with great violence, forming methane (or ethane) and 
aluminium hydroxide. Their vapour densities indicate a mono- rather than a 
di- molecular constitution (sec B. 22 , 551 ; Z. phys. Ch. 8, 164). 

The derivatives of trivalent gallium and indium have not been prepared. 

Thallium Dimethyl Chloride, Bromide and Iodide (CHg)3TlX, as well as Thallium 
Diethyl Chloride, Bromide, and Iodide, and Thallium Dipropyl Chloride, Bromide, and 
Iodide, are prepared by the interaction of thallium chloride, TlCl*, and magnesium 
alkyl halides in ether solution (p. 185). They are crystalline bodies, dissolving 
in water with great difficulty, and decomposing on being subjected to heat. 
They €;an be recrystallized fiom an alkaline aquy6us solution without decomposi¬ 
tion ; moist silver oxide produces strongly alkaline, easily soluble hydroxides, «.g. 
Thallium Diethyl Hydroxide, T1(C3H4) (OH, which absorb COg from the atmosphere 
and precipitate hydroxides frem solutions of the metals, thus resembling th^ous 
hydroxide TlOH (B. 37 . 2051). 


G. ALKYL DERIVATIVES OF LEAD 

These are very similar to the derivatives of tin (p. 182), but those 
containing two alkyl groups combined with one atom, of lead do not 
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exist. In these the lead, as in most of its inorganic derivatives, would be 
bivalent. Lead alkyls are produced (i) by acting on lead chloride 
with zinc ethyl or magnesium ethy^l iodide (B. 37 ,1127): Pb(C2H5)4 ; 
(2) by the interaction of alkyl iomdes and lead-sodium : Pb2(C2H5)e. 

Lead Tetramethide, Pb(CH,)4, b.p. xio^. Lead Tetraethide, Pb(C,Hg)4, and 
Lecul Triethide, Pb((C,H()4, are oily liquids which cannot be distilled without 
decomposition. Lead Triethyl Chloride, Pb(C,H,),C^ and Lead Triethyl Iodide, 
Pb(C|H|)9l, are prepared from lead tetraethyl and thcthyl by hydrochloric acid 
or iodine. The iodide is transformed by moist silver oxide into a thick strongly 
alkaline liquid, dissolving with difficulty in water and forming salts with acids. 
Lead Triethyl Sulphate, [l^b(C|H0)3],SO4, is slightly soluble in water. 


2. ALDEHYDES AND 3. KETONES 

When the derivatives of the methane hydrocarbons' containing 
oxygen were discussed, attention was directed to the intimate genetic 
relations existing on the one hand between the primary alcohols, 
the aldehydes and mono-carboxylic acids, and on the other between 
the secondary alcohols and the ketones (p. 100). 

Aldehydes and ketones contain the carbonyl group CO, which in 
the latter unites with two alkyl groups, but in the former is combined 
with only one alkyl and one hydrogen atom : 

Aldehyde. Dimethyl Ketone. 

This expresses the similarity and the difference in character of 
aldehydes and ketones. 

Aldehydes and ketones may be considered as the oxides of bivalent 
radicals, or as the anhydrides of dihydroxy alcohols, or glycols, in which 
both hydroxyl groups are attached to the same terminal or inter¬ 
mediate carbon atom. Whenever the formation of dihydroxyl deriva¬ 
tives of the type >C<^jj might be expected, then, except in very 

rare instances, water separates, an anhydride is produced, and double 
union between carbon and oxygen follows, with the production of the 
carbonyl group >C=0. Ethers, however, of dihydroxy alcohols, of 
the oriho-ikdehydes and ortho-ketones, can exist, e,g,: 

CH,.CH(0.C,H4), and CH,.C(O.C,H,)„CH,. 

The three classes of alcohols (p. 102) are differentiated from each 
other by the words primary, secondary, and tertiary; the oxidation 
products, however, of the frst two have received special names—alde¬ 
hyde and ketone—although vhey are no more different from each other 
than their respective parent alcohols. A practical and excellent 
nomenclature would have been primary aiiM. secondary aldehydes, for 
then the name aldehyde, derived by Liebig from alcohol dehydrogenaius 
(p- ^99)' have applied to both. The complete difference in the 

d^ignation of aldehyde and ketone leads to the separate description 
of the formation and reactions of the two classes of bodies {AnsohUtsi). 

Tlje following principal methods of formation are common to 
aldehydes and ketones: 
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(i) Oxidation of the alcohols, wheieby the primary alcohols change 
to aJdehydes and the secondary to ketones (p. 103). 

In this oxidation an oxygen atom enters the molecule between a hydrogen 
atom and the carbon atom to which the hydroxyl group is joined. In the moment 
of formation the expected hydroxy alcohol splits off water, and its anhydride 
results,—an aldehyde or ketone ; 

CH,CH,OH -(CH,.CH<°|*) -^ CH,.C<°+H,0. 

Primary Alcohol. Cannot exist. Aldehyde. 

CH.>chOH ^ > “•>C=0+H.O. 

Sec.-Propyl Alcohol. Cannot exist. Acetone. 

By further oxidation the aldehydes become changed into acids —the hydrides 
of the acid radicals ^—whilst the ketones are decomposed. 

Conversely, aldehydes and ketones are #reconverted into primary 
and secondary alcohols by an addition of hydrogen ; 

ch,.(;ho+Hj=ch,.ch,.oh. 

Aldehyde. Ethyl Alcohol. 

c 3 ;>co+«*=c 3 :>ch.oh. 

Aoeto e. Isopropyl Alcohol. 


Because the aldehydes and ketones manifest an additive power 
with reference to hydrogen, they may be compared with compounds 
containing doubly linked carbon atoms, which also, by a dissolution of 
their double union, can add hydrogen. Compounds of this class 
having in their molecules carbon atoms which are doubly or trebly 
united, are in the more restricted sense called “ unsaturated carbon 
derivatives'' (p. 69). This idea may be extended, and all carbon 
derivatives having atoms of other elements in double or treble union 
with carbon, may be considered as “ unsaturated'' From this stand¬ 
point the aldehydes and ketones are unsaturated bodies (p, 23), and 
in fact most of the reactions of these two classes are due to the additive 
power of the unsaturated carbonyl group. ' „ 

(2) The dry distillation of a mixture of the calcium, or better, 
barium salts of two monobasic fatty acids produces aldehydes or 
ketones according as one of the acids be formic acid or not. 


H.COO.co4.CH,.COO. 
Calcium Formate. Calcium Acetate. 


CH,.COH 

CH,.COH 


+2CaC0,. 


Acetaldehyde. 


It is the hydrogen of the formate which reduces the acid, whereby 
an aldehyde results. " / 

In all other instances ketones result, and they arc either simple, 
with two similar alkyl groups, or mixed, with two dissimilar alkyls : 

c^::8oC>^=c3:>co+caco.. 

* Acetone. 


c3;:coo>c-+c;5;coo>c»=*cS;>co+acaco,. 

Calcium Propionate. Ethyl Methyl Ketone. 




On extending this reaction to the calcium salts of adipic, pimelic and auberic 
acids, cydo-parafto ketones are produced. 
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2A. ALDEHYDES OF THE SATURATED SERIES, PARAFFIN 

ALDEHYDES, CnHjn+i.CHO 

The aldehydes exhibit in their properties a gradation in behaviour 
similar to that of the alcohols. The lower members are volatile 
liquids, soluble in water, and have a peculiar odour, but the higher 
are solids, insoluble in water, and cannot be distilled without decom¬ 
position. In general they are more volatile and dissolve with more 
difficulty in water than the alcohols. Chemically the aldehydes are 
neutral substances (B. 39, 344). ^ 

The reactivity of the aldehydes places them amongst the most 
important substances for purposes of synthesis, and it is for this reason 
that the large number of methods for their preparation is being con¬ 
siderably increased, especially during the latter years (Bull. Soc. Chim. 

' [3] 31, 1306). 

Formation. —(i) By the oxidation of primary alcohols, whereby 
the —CH2.OH group becomes changed to —CHO (p. 190). 

The above oxidation may be effected by atmospheric oxygen in presence of 
spongy platinum, and by the action of potassium dichromate or MnO| and dilute 
sulphuric acid (B. 5 , 609). Chlorine acts similarly in that it first oxidizes the 
primary alcohols, but then substitutes the alkyl groups of the aldehydes which 
have been formed (p. 196). 

Oxidation of alcohol leads to a good yield of aldehyde with the lower mem¬ 
bers of the series only, where the product is sufficiently volatile to escape 
quickly from the region of reaction; otherwise the aldehyde is further oxidized 
to a carboxylic acid, which in turn unites with some of the unchanged alcohol 
to form an ester. 

tz) A direct decomposition of a primary alcohol into and an aldehyde is 
brought about by passing alcohol vapours through a red hot tube, or. better, over 
finely divided copper at 200-350® (B. 36 , 1990; C. 1905, I. 1002). 

(3) Primary amines are oxidized to aldehydes by the air in presence of 
powdered copper (comp. p. 163). 

The following methods of preparation depend on the reduction of carboxylic 
acids:— 

(4) By heating^ the calcium salts of fatty acids with calcium 
formate. This operation, when working with aldehydes which vola¬ 
tilize with difficulty, should be carried out under diminished pressure 
(p. 49) (B. 13, 1413). 

(5) By the action of nascent hydrogen (produced by sodium 
amalgam, or, better, by sodium on the moist ethereal solution 
B. 29, R. 662) of the chlorides of the acid radicals or their oxides, 
the acid anhydrides: 

CH,.C 0 C!-!- 2 H=CH,.C 0 H+fta. 

Acetyl Chloride. Acetaldehyde. 

ch|;co>°+‘»h=2CH,.cof,+h^o. 

Acetic Anhydride. Acetaldehyde. 

Hydrazones of the aldehydes are obtained by redaction of imido-ethers of 
carboxylic acids by sodium amalgam in acid solution in the presence of hydra¬ 
zines (B. 38 ,13^2)- 

In accordance with methods (3) and (4) the aldehydes may be 
viewed as hydrides of the acid radicals. 
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( 6 J Of practical importance is the preparation of aldehydes by the 
splitting up, or hydrolysis of their compounds: 


(a) from aldehyde-ammonia and aldehyde-bisulphite compounds (see below); 
from oximes and hydrazones (p. t 9 ^\; 

(b) from aldehyde chlorides (p. 196) by heating them with water and lead 
oxide: 

CH.CHCI, -CHsCH(OH), - > CH.CHO; 

(c) from ethers and enters of aldehyde hydrate, the acetals and alkylidene 
diacetates, by means of dilute alkalis or acids; 


yOR 


/OH 

> CH,CH<C 

X)H 


> CHsCHO. 


In the course of these reactions i,i-glycols, dihydroxyl compounds, should 
be formed ; if they are, they instantly give up water and pass into aldehydes 
(p. 190). The following methods of formation from r,2-glycols take their places 
systematically here. 

(7) From ethylene glycol or its ethers, or from ethylene oxide by 
the withdrawal of water or alcohol and internal rearrangement: 

(a) Ethylene glycol, CH,OH.CH,OH, yields acetaldehyde when heated with 
zinc chloride, P,Og, sulphuric ecid, etc., Oiethylene ether, 0 {CHj.CHa)g 0 , may be 
assumed to be an intermediate product (C. 1907^ I* 15)* 

(&) Primary-secondary ethylene glycols yield a mixture of aldehydes and 
ketones when similarly treated. 

(c) Primary-tertiary ethylene glycols yield aldehydes when heated with 
anhydrous formic and oxalic acid; the ethers, R,C(OH}.CHsOR, react parti¬ 
cularly easily (B. 39 , 2288; A. Ch. phys. [8] 9 , 484) : 

R,C(OH).CH,OCjH5=R,CH.CHO-fC,H,OH. 

(<f) Ethylene oxide and its homologues, especially the primary-tertiary com¬ 
pound, undergo internal rearrangement when heated with zinc chloride, a 
contact substance, or even alone, to form principally aldehydes (B. 86, 20x6; 
C. 1905, II- 237) : 

CH.v CH, CH,(C,H,)Cv (CHJ(C,H,)CH 

I >0 -V] ; [>0 -> I 

CH/ CHO H,C/ HCO. 

1,3-glycols also yield some aldehyde, together with trimcthylenc oxides. 

(8) Xd sodium salts of the primary nitro-paraffins yield aldehydes and N ,0 
when treated with acids. Nitro-a^-olefines of the formula RCH~CHNO, on 
reduction yield oximes of the aldehydes (C. 1903. II, 553): 

(CHJ,C:CHNO, —^ (CH,),CH.CH NOH —V (CH,),CH.CHO. 

Compare the cleavage of secondary chloramines, R,NC 1 , and nitramines, 
R,N.NO, (pp. 167, 1O9). into aldehydes, also their formation from ap-olefine alhyl 
ethers, RCH : CHOC,H, (p. 129), by hydrolysis. 

Since tbo nitro-olefines are formed from aldehydes by means of nitromethane 
(p. 151), these changes can be looked on as a step-by-step synthesis up the aldehyde 
series. 


Such a building up of the aldehydes can be carried out by the 
organo-magnesmm synthesis (p. 186). 

(g) Alkyl magnesium halides with an excess of formic acid ester 
or formic acid dialkyl amides yield aldehydes ; with orthoformic acid 
ester, acetals (p. 20$); 'with isonitriles and with formimido-ethers, 
aldehyde itnides (p. an) (A. 847, 348; B. 87, 186, 875; C 1904, I. 
1077; 1905,1.219)/ 

RMgX-f HCO,C,H,- > RCHO-hXMgOC,H,. 

RMgX+HCON(C,H,),- >■ RCHO+XMgN{C,HJ,. 

RMgX4-HC(OC,H,)g- > RCH(OC,H,),-|-XMgOC,H,, 

RMgX-|-C^|N:CHOC,H,- > RCH:NC,H,-HXMgOC,H,. 
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Also, formates are partially converted into aldehydes hy means of alkyl 
magnesium halides (C. 1901, 11 - 765). 

(10} ap- olefine aldehydes, or better their acetals, yield paraffin aldehydes on 
reduction (B. 81 . 1900). Since the olefine aldehydes result from condensation 
of the lower paraffin aldehydes (p. 196) this also constitutes a method of passing 
synthetically up the aldehyde series. 

Conversely, the following degradation reactions may be employed in the 
production of aldehydes. 

(11) a-Hydroxycarboxylic acids. RCH(OH)COOB[, which are easily obtained 

from the fatty acids, yield aldehydes and some formic acid, or CO-f HjO, by 
treatment with sulphuric acid. A better method is to heat the hydroxy-acids, 
converting them by loss of water into laettdes, and to distil these, so that they lose 
CO and pass into aldehydes (C. 1904, I. 1065): ^ 

CH,CH(OH)COOH=CH,CHO -f HCOOH. 

Lactic Acid. Acetaldehyde formic Aud. 

aC4H,CH(OH)COOH-^C4H,CH<°y q>CHC,H, aC^H,CHO+2CO. 

a-Hydroxycapromc Aeid. Valeraldehyde. 

I 

(12) Connected with this reaction is the fonnalion of aldehyde by heating 
ethylene oxide carboxylic acid, or glycidic acids, whereby ethylene oxides are 
formed which become rearranged (Method of lointalion, yd, p. 192) into aldehyde 
(C. 190b, IL 1297). 

(CH,),C (CHJ,CH 

|>0 -V I +CO,. 

HOCO.CH Clio 


Similarly, a-ketonic acids when heated with dilute sulphuric acid, 3rield aldehyde 


-hCOj. 


CHjCOCOOH-CH3CHO4-CO,, 


(13) Olefines absoib ozone to foini ozonidcs (p. 84), which may be decomposed 
by watci, giving the results indicated as follows (A. 343 , 311): — 

CH,[CHJ 7 CH:CH[CH,] 7 C 00 H -^ CHs[CH2],CHO+OCH[CHJ,COOH. 

Oleic Acid. Nonyl Aldehyde. Aeelaic Aldthydic Aad. 


This reaction is particularly important for the determination of constitution 
and lor the preparation of dialdehydes and ketone-aldehydes. 


Quite frequently-aldehydes occur among the decomposition pro¬ 
ducts of complex caibon compounds, sucli as albumins, as the result 
of their oxidation \vith manganese dioxide or dichromate and dilute 
sulphuric acid, 

Nomenclature and Isomerism. —Empirically, the aldehydes are dis¬ 
tinguished from the alcohols by possessing two atoms less of hydrogen 
—hence their name, suggested by Liebig (trom Alkohol dehydrogenaius), 
e.g. ethyl aldehyde, propyl aldehyde, etc., etc. On account of thhir 
intimate relationship to tlie acids, their names are also derived from 
the latter, like acetaldehyde, propionaldehyde, etc. 

In the " Geneva nomenclature *’ the names of ijhe aldehydes are formed from 
the corresponding saturated hydrocarbons by the addihon of the suffix tU; thus 
ethyl- or acetaldehyde would be termed [ethanal] (p. 42). 

I 

As there is an aldehyde corresponding with every primary alcohol, 
the number of isomeric aldehydes of definite carbon content equals 
the number of possible primary alcohols having the same carbon 
content (p. loi^. The aldehydes are isomeric with the ketones, the 
vot. I. o 
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unsaturated olefine alcohols, and the anhydrides of the ethylene¬ 
glycol series, containing an equal number of carbon atoms, e.g,: 

CH,.CH,.CHO isomeric with CH,.CO.CH* CH,=CHCH,OH CH»<^”*> 0 . 

Propionaldebyde. Acetone. AUyl Alcohol. Trimcthylene Oxide. 

Reactions of the Aldehydes: A. Reactions in which the carbon 
nucleus of the aldehydes remains the same, 

(i) Aldehydes, by oxidation, yield monocarboxylic acids with a 
like carbon content. They are powerful reducing agents: 

CH,C<g - 1-0 =CH,— 

Their ready oxidation -gives rise to important reactions serving for their 
detection and recognition. On adding an aqueous aldehyde solution to a weak 
ammoniacal silver nitrate solution, silver separates on the sides of the vessel as 
a brilliant mirror; alkaline copper solutions are also reduced. They impart 
an intense violet colour to a fuchsin solution previously decolorized by sul¬ 
phurous acid. Further, aldehydes produce a violet-red coloration in a solution 
of diazobenzene sulphonic acid in sodium hydroxide, in the presence of sodium 
amalgam. On the exceptions''to, and the limitation of, these reactions, seo 
B. 14 , 675, 791, 1848 ; 15 , 1635, 1828 ; 16 , 657 ; 17 , R. 385. 

When oxygen or air is conducted through the hot solution of an aldehyde 
(such as paraldehyde) in potassium hydroxide, a display of light is observed in the 
dark ; many aldehyde derivatives, and even dextroses behave similarly (B. 10, 
321). Aldehydes absorb oxygen from the air. The oxygen in this solution, like 
ozone, liberates iodine from a potassium iodide solution (B. 29 , 1454). 

Aldehydes form addition-products with ozone, which, with water, yield 
aldehydes at low temperatures and acids at high (A. 343 , 326). 

Salts of mtfohydroxylaminic aetd, e.g. HONrNOONa, which is formed from 
hydroxylamine, alkyl nitrates, and sodium alcoholate, form hydroxamic acids 

with aldehydes, which arc easily detected by the red colour given 

with ferric chloride (a sensitive reaction for aldehydes: C. 1904. 1. 1204). 


2. Acetaldehyde is resinified by alkalis; other aldehydes are 
transformed by alcoholic alkali solutions into acids and alcohols—- 
particularly the aromatic aldehydes (see Benzaldehyde, Vol. II.), 
where the aldol condensation is impossible (p-'igb). Among the 
aliphatic series, a similar reaction is brought about by barium 
hydroxide solution in the case of isobutyl aldehyde (C. 1901, II. 
762). A carboxylic ester of an alcohol may be assumed to be 
formed as an intermediate product, which is decomposed by the 
barium hydroxide; 


2(CHJ,CHCH0 




(CHO,CHC—H 

"mj—co.ch;chj. 


(CH J ,CHCH,OH -1-CO,H.CH(CHO 


Esters do actually .’■esttlt, even from the simplest aldehydes, with 
anhydrous condensing agents, such as the aluminium alkylates; for 
in<!tance, Al(OCH3)3 >/ith formaldehyde, or trio^methylenes, give 
metiiyl formate, with acetaldehyde ethyl acetate, with propionaldehyde 
propyl propionate, with chloral trichlorethyl tricUoracetate, etc. 
(C. iyo6. II. 1552). 

The ea&e with which the double bond between the carbon-oxygen 
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atoms is broken is the cause of a large number of addition reactionSt 
which are in part followed by a loss of water, 

(3) Aldehydes, by the addition of nascent hydrogen, or of mole¬ 
cular hydrogen in presence of reduced nickel (C. 1903, II. 708), are 
converted into the primary alcohols, from which they are obtained 
by oxidation: 

CH,.CH 0 -|- 2 H=CH,.CH, 0 H. 

{4) Behaviour of the aldehydes towards water and alcohols, (a) Ordi¬ 
narily, aldehydes do not combine with water (comp. p. 199; 
CIl2(OH)2). The polyhalide aldehydes, e.g. chloral, hromal, butyl chloral 
(pp. 202, 203), however, have this power, and ^ield feeble and readily 
decomposable hydrates, representatives of dihydroxy alcohols or glycols, 
both hydroxyl groups of which are attached to the same carbon atom : 

CCl,CH<y|[ CBr,CH<®^ CH,.CHa.CCl,CH<°j^. 

Chloral Hydrate. Bromal Hydiate. Butyl Chloral Hydrate. 

(b) Tt is also only the polyhalide aldehyde^ e.g. Moral, which unite with 
alcohols, forming aldehyde-alcoholates: 

C6I,CH<Qy***‘ Chloial Alcoholate. • 

{c) The ordinary aldehydes yield acetals with the alcohols at roo® (p. 205) : 

CH,.CH 0 + 2 C,H,. 0 H=CH,.CH<^'^*“‘+H, 0 . 

Acftaloi Lihylidiue Djcthyl Ether. 

(5) Behaviour of the aldehydes With hydrogni sulphide and mercaptans : (a) hydros 
gen sulphide and hydrochloiic acid convcit the aldehydes into trithioaldehydes ; 
{b) with merraptans the aldehydes enter into an acetal synthesis under the 
influence of hydrochloric acid (p. 21)9). 

{(i) Aldehydes and acid anhydrides unite to form esters of the hydroxy- 
alcohols or glycols, which are not stable in an isolated condition. Indeed, the 
aldehydes may be regarded as their anhydrides (p, 189) : 

CH..CHO+^|g;g>0=CH..CH<g;C.H.g. 

* Etbylidene Di.icctate. 

ft 

(7) Aldehydes unite in a similar manner with alkali bisulphites, 
forming crystalline compounds: 

CH,.CHO+NaHSO,=CH,.CH<°Hjj^. 

(Constitution, see p. 207.) The aldehydes may be liberated from 
these salts by distillation with dilute sulphuric acid or aqueous sodium 
hydroxide. This procedure permits of the separation and purification 
of aldehydes from other substances. 

(8) Behaviour of aldehydes with ammonia, primary alkylamines, 

hydroxylamine, and phenylhydrazine (CcHs.NH {a) They unite 

directly with ammonia to form crystalline compounds, called aide* 
hyde*ammonias. These are readily soluble in water but not in ether, 
hence ammonia gas will precipitate them in crystalline form from the 
ethereal solution of the aldehydes. They are rather unstable, and 
dilute acids again resolve them into their components. Pyridine 
bases are produced when the aldehyde-ammonias are lieated. 
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« 


(d)* Aldehydes and primary amines comlnne» with loss of water, 
to form aldehyde-imides (p. 158). 

(c) The aldehydes unite with hydroocylamine to form aldoxitnes 
with accompan5ang liberation of water {V. Meyer, B. 16, 2778). 

It is evident that at first, in these cases, there is formed an unstable 
intermediate product (compare chloral hydroxylamine, p- 212) corre¬ 
sponding with aldehyde-ammonia: 



NHaOH 




/NHOH\ 

/ /^T.T I 


/ 



CH,.CH:NOH. 


(d) The aldehydes behave similarly with phenylhydrazine : water 
separates and hydrazones (E. Fischer) result: 

CH,.CH0-f-*HaN.NHC,Hg-=CH3.CH:NNHC,H*-|-H,0. 

These substances serve well for the detection and characteri¬ 
zation of the aldehydes. The aldoximes and hydrazones, when boiled 
with acids, absorb water and revert to their parent substances. They 
yield primary amines when reduced (p. 158). 

« 

{e) Hydrazine, semicarbazide (q.v.), j^-amido-dimethylaniline (B. 17, 2939 ), 
amidophenols, and other aromatic bases {Schiff, B. 25, 2020 ) react with aldehydes, 
similarly to phenylhydrazine and its substitution products. 

( 9 ) Compounds are formed by the action of phosphorus trichloride on 
aldehydes, which arc converted by water into hydYoxaXkyl phospho-eicids, e.g. 
CH,.CH(OH)PO{OH), (B. 18 , R. ixi). 


(10) Phosphorus pentachloride and phosphorus trichloro-dibromide 
cause the replacement of the aldehyde oxygen by chlorine or bromine 
and yield dichlorides and dibromides, in which the two halogen atoms 
are linked to a terminal carbon atom (p. 94) : 

CH,CHO+PCI 3 =-CH3CHC1*+POC1,, 


(11) The hydrogen atoms of the alkyl groups ofithe aldehydes may 
be replaced by chlorine and bromine, as well as by^ iodine and iodic 
acid. 

(12) The lower members of the homologous series of the aldehydes 
polymerize very readily. The polymerization of the aldehydes and 
thioaldehydcs depends on the union of several aldehyde radicals, 
CH8.CH=, through the oxygen or sulphur atoms (A. 203, 44). This 
phenomenon will be fully treated under formaldehyde and acetalde- 
hyde (p. 197). 

B. Nucleus synthetic Reactions of the Aldehydes. 

(i) Aldol Condensations .—Two or more aldehyde molecules may 
unite together, under proper conditions, by means of their carbon 
linkings. Thus, aldehyde alcohols are formed from two aldehyde 
molecules, e.g, acetal^hyde yields Aldol (Wurtz) or ^-hydroxy- 
bufyraldehyde, CH3.CHOH.CH2.CHO {q-v .); from three aldehyde 
molecules fatty acid esters of the glycols are formed, as for example, 
isobutyl aldebvde which gives rise to monoisobutyryl octyl glycol, 
■(CH3)3.CH.CH(0H).C(CH3)2.CH20C0.CH(CH8)2 (C. 1898, II. 410), 
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Similarly, aldehyde or chloral and acetone (p. 2a i), aldehyde malonic 
or cyanacetic ester and others, unite with one another. But ^most invariably 
’‘the resulting hydroxy-derivatives split oE water and pass into unsaturated 
bodies: aldol into crotonaldehyde, CH,CH=CH.CHO, for example. On the other ^ 
hand, if the aldehyde group is joined to a secondary alcohol radical, the aldol ^ 
condensation occurs as before, but no olefine aldehyde can be obtained from the 
aldol formed. If the aldehyde group is united to a tertiary alcohol radical, no 
aldol condensation takes place (C. igor. I-1266). 

These are nucleus-syntheses and are often teamed condensation reactions. 
The reagents suitable for the production of such reactions arc mineral acids, 
zinc chloride, alk^ hydroxides, solutions of sodium acetate or potassium cyanide, 
small quantities of amines or their salts, etc. Condensation reactions, in which 
an aliphatic aldehyde plays the rfile of one of the component or parent substances, 
will be frequently encountered. A reaction discovered by Perktn, Sr,, when 
working with aromatic aldehydes, has been employed quite frequently to unite 
aldehydes and acetic acid, as well as mono-alkyl acetic acids, in such a manner 
that the products are unsaturated monocaiboxylic acids (see nonyhnic 
The aldehydes unite in like manner with succinic acid, forlning y-lactone carboxylic 
acids—the paraconic acids (g.v.). 


(2) Aldehydes can also unite with zinc or magnesium alkyls, 
whereby the double union between carbon and oxygen is broken. 
The action of water on the addition product produces a secondarj' 
alcohol (p. 106). Olefine alcohols result by the use of allyl iodide andr 
zinc or magnesium (p. 124). 

(3«) Aldehydes also combine with hydrogen cyanide, 3aelding 
hydroxy-cyanides or —iho nitriles of a-hydroxy-acids (y.v.)» 

which will be discussed after the a-hydroxy-acids theinselves, and 
which can be obtained from them by means of hydrochloric acid: 


ch,.cho+hnc-=ch,.ch<^ 


/CN XO,H 

OH ^^Lactic Acid.NDH 


(6) Aldehydes and ammonium cyanide react together, when water separates, 

and the miriles of a^amtno-acids, e.g. result. When treated with 

hydrochloric acid they yield amino-acids {q t/,). The same afftino-niitihs are 
produced by the action of CNH on the aldehyde-ammonias, and from the 
hydroxy-cyanides and ammonia. Cyanides of a-amhno and a-phenylhydraxino~ 
acids are formed by the addition of hydrocyanic acid to the ahphaUc aldehyde- 
anilines and aldehyde phenylhydrazones and aldoximes (B. 25 , 2020). 

(4) Diazomethane (p. zij) and aldehydes produce alkyl-methyl ketones, with 
evolution of nitrogen, and probably with the formation of an intermediary 
addilion product (B. 40 , 479. 847)' 


O 


CHt 

+ / \ 

N=N 


Aromatic diazo-compounds react similarly wAh many aldoximes, forming 
fatty-aromatic ketoximes (B. 40 , 737)- 


Pormio Aldehyde, Methyl Aldehyde •[Methanal], m.p. 

about -92° (6.34,635). b.p. about -21°. D-8,^=o-9i72, D_2o=o-8i53, 
was discovered by A. W. Hofmann, and was until recently only known 
in aqueous solution and in vapour form. It may, as was sho^ by 
Kekuld, be condensed, by lowering the temperature to a colourless liquid. 
Liquid formaldehyde changes slowly at --20®, rapidly 
temperatureiiigith a crackling noise,into tfioi^meihyUneACkl% 0 ]% ("• 
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2435J. This polymeric modification was known before the simple 
formaldehyde, into which it is changed by heat. Formaldehyde 
possesses a sharp, penetrating odour, and destroys bacteria of the most 
varied types ; it is, therefore, Applied (under the name of formalin) 
either in solution or as a gas, for disinfecting purposes. Many of its 
compounds with organic bodies are suitable for this purpose, as they 
regenerate formaldehyde more or less easily (B. 27 , R. 757, 803 ; 28 , 
R, 938 ; 29 , R. 178, 288, 426 ; C. 1900, 1 . 263, 791, etc.). 

Methods of Formation, —(i) It is produced when the vapours of 
methyl alcohol, mixed with air, are conducted over an ignited platinum 
spiral or ignited copper gauze (J. pr. Ch. 33 , 321; B. 19 , 2133 ; 20 , 
144; A. 243, 335) ; lamps have been constructed for this purpose 
(B. 28 , 261). 

(2) When chlorine and bromine act on methyl alcohol, formaldehyde is pro- 
duced (B. 26 , 268), and is converted by them in sunlight into halogen acids and 
carbon dioxide (B. 29 , R. 88). 

(3) If a mixture of methane (obtained from the distillation of 
wood, p. 71) and air is passed over heated copper gauze, formal- 

. dehyde is formed (C, 1905, I. 1132). 

(4) It also arises in small quantity in the distillation of calcium formate, 

(5) Further, by the digestion of methylal, CH,(OCH,), (p. 205), with sulphuric 
acid (B. 19 , 1841). ((j) From the mtiilc of acetyl glycollic acid, CH,.COOCHgCN, 

by the action of an ammoiiiacal silver solution (C. 1900, II. 312). 

Technically, formaldehyde is prepared from methyl alcohol or methane, 
and its 40 per cent, aqueous solution and many derivatives are known to com¬ 
merce ; the year's production of formaldehyde reaches a million kg. (Z. angew. 
Ch, 19 , 1412). The strength of the solution can be estimated by converting the 
formaldehyde into kexamethylcne ietramine (CH2),N4 ( 13 . 16 , i 22 , 1565, 
1929: 26 , R. 4T5), or into dimethylenc /)-dihy<lrazinophenyl (Ji. 32 , 1961). 
The following methods are, however, more exact. The formaldehyde is trans¬ 
formed by hydrogen peroxide in alkaline solution of known strength into sodium 
formate and hydrogen, under the influence of its own heat gen*'ration : 

2CHa0-l-2Na0H+H,0,=2nC0,Na-t-2Hj40-hH,. 

From the back titration of the unused alkali the quantity of formic acid can be 
found. 

Also, silver oxide or Cu^O generate hydrogen from an alkaline formaldehyde 
solution (B. 86, 3304). By the silent clcctiic discharge, formaldehyde is partially 
decomposed into CO and H, (C. iyo6, II. 227). HjO, or BaOj in acid or neutral 
solution change formaldehyde into CO, and H, (B. 37, 515)- 

The estimation can also be carried out by treatment with an alkaline iodine 
solution and back titration with thiosulphate (C. 1905, I. 630), 

Formaldehyde and sodium sulphite solution unite with liberation of sodium 
hydroxide, the titration of whch gives the quantity of formaldehyde. This 
reaction can also be employed lor the estimation of aldehyde polymers (C. 1904, 
11. 26^). 

Dilute solutions of the alkali hydroxides partially transfyim formaldehyde 
into formic acid and methyl aldihol (comp. p. 10^ and B. 38, 2356). A modified 
aldol condensation occurs with excess of such alkalis as lime, calcium carbonate, 
or lead oxide (p. 196), giving rise to glycol aldehyde, CaH40a, t-arabinose, CgHioO^, 
and various hexoses, C^H^aOi, of wliich the principal is a-acrose or [d-Hfl— 
fructose (B. 89 , 45, 1592). 

This reaction gives a powerful support to the theories of assimilation of carbon 
dioridc in plants (B. 8, 67 ; J. pr. Ch. [2] 83, 344). 

FormnlVhyde, acted on by acetaldehyde and lime yields pcnta-erythritol, 
,C(CH^H)4 (B. 884 R. 7x3); with nitromethane (p. 131) it give? nitro-tert.-butyl 
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glycerol, NO,C.(CH,OH)s; with picoline (Vol. II.) it yields trimethylol- 
picoline, (CjH«N)C(CHaOH)9. Thus, formaldehyde shows a strong tendency to 
unite repeatedly with reactive groups, to form aldol-like bodies of increasing 
complexity. 

^ In the very numerous reactions of formaldehyde its oxygen unites with two 
hydrogen atoms of the reacting body to yield water. It is immaterial whether 
the hydrogen is in union with carbon, nitrogen, or oxygen. The products are 
diphenylmcthane derivatives, methylene aniline, and formals of polyhydric 
alcohols (A. 289 , ao). 

Polymeric Modifications of Formaldehyde .—^The concentrated aqueous solution 

OH 

of formic acid not only contains volatile CHjO, but also the hydrate CHa<Q^, 

i.e. hypothetical methylene glycol, and non-volatile polykydraieSt e.g. 
{CHj)aO{OH)„ corresponding with polyethylene glycols. Therefore the determi¬ 
nations of the molecular weight of the solution, by the method of Raoult, have 
yielded different values (B. 21 , 3503 ; 22 , 472). On complete evaporation of 
the solution the hydrates condense to the solid water-soluble paraformaldehyde, 
(CHgO)„, possibly diformaldehyde, (CHaO)„. , 

Trlaxymethylene, (CHgO),, Metaformaldehyde {Butlerow), m.p. 171-172*, 
is distinguished from the so-called paraformaldehyde, whose simplicity has not 
yet been established, by its insolubility in water, alcohol, and ether. It is 
obtained by the action of silver oxide on methylene iodide, or by heating methy¬ 
lene diacetaie ester with water to 100® : by disttlling glycollic acid with a little 
concentrated sulphuric acid, and by passing monochloracetic acid through a 
red-hot tube (C. 1898, I. 372). It is a white, indefinitely crystalline mass. The 
vapours have the formula CHjO, which corresponds with their density. When * 
cooled they again condense to the trimolecular form. When it is heated with 
water to 130® it changes to the simple molecule CHgO, but by prolonged heating 
carbon dioxide and methyl alcohol arc produced (B. 29 , R. 088). 

WJicii drv Irioxymethylene is heated with a trace of sulphuric acid to 115® 
in a sealed tube it is changed into the isomeric a-Trioxymethylene, (CHjO),, m.p. 
60-61® (B. 17 , R. 567). 

The polymeric modifications of formaldehyde have not yet been as success¬ 
fully studied as the polymeric acetaldehydes (C. 1904, II. 21, 585). 

In contact with peroxide, such as 13 aOg and SrOj, and in the presence of 
water, the polymerized formaldehydes are catalytically changed into the simple 
form, accompanied by the disengagement of a considerable quantity of heat 
(C. 1906, II. H35). 


Acetaldehyde, Ethyl Aldehyde, Ethylidene Oxide [Ethanal], C2H4O 
= CH3.CH0, m.p..—120°, b.p. 20-8°, Do=o-8oo9 (B. 23 , 638), is 
prepared according to the usual methods; (i) From ethyl alcohol; 
(2) from calcium acetate; (3) from acetyl chloride or acetic anhydride; 

(4) from ethylidene chloride from acetal and ethylidene diacetate; 

(5) from ethylene oxide; (6) from lactic acid ; (7) from sodium nitro- 
ethane; and (8)‘ from acetylene (p. 86). It occurs in the first 
runnings in the rectification of spirit, and is formed, too, by the oxida¬ 
tion of alcohol when filtered through wood charcoal (p. 115). 


History .—In 1774 Scheele noticed that aldehyde was formed when alcohol 
was oxidized with manganese dioxide and sulphuric acid. Dobereiner, however, 
was the first to isolate the aldehyde in the form of aldehyde-ammonia, which 
he gave for investigation to Liebig, who then established the composition of 
aldehyde and showed its relation to alcohol. It ivas Licbtg who introduced 
the name Al{coho]]-dehyd{ )(vogcnatus) into chemical science (A. 14 , 133; 
22 , 273 ; 25 , 17). Ordinary aldehyde readily polym^-izcs to liquid paraldehyde, 
and solid metaldehyde. Fehling first observed the former, and Liebig the latter, 
KekuU and Zincke determined the conditions of formation for the aldehyde 
modifications and cleared up the somewhat confused reaction relations (A. 162 , 


125). 


Pfeparation,--^o per cent, ethyl alcohol is oxidized by dropping into it n 


s 
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mixtora of a solution of 3 parts of potassium dichromate in Z2 parts of watar 
and 4 parts of concentrated sulphunc acid (B. 27 , R. 471) The escaping aldehyde 
vapours are conducted into an ethereal solution of ammonia, when the aldehyde- 
ammonia separates in a crystalhne form Pure aldehyde may be hberated 
from this by dilute sulphuric acid, and dried over dehydrated calcium chlonde 

Acetaldehyde is a mobile, pcculiar-smelhng hquid, miscible m all 
proportions with water, ether and alcohol. It is prepared techni¬ 
cally in order to obtain paraldehyde and qmnaldtne (q,v ), 

Polymeric Aldehydes —Small quantities of acids (HCl, SOt) or salts (especially 
ZnCl|, CHsCOaNa) convert aldehyde at ordinary temperatures into paraldehyde, 
(CSH4O), mp 124® D,o*=o 9943, the change is accompanied by evolution of 
heat and contraction m volume and is particularly rapid, if a few drops of 
sulphunc acid be added to the aldehyde Paraldehyde is a colourless liquid, 
and dissolves in about la vols HsO, it is, however, more soluble in the cold 
than when warm This behaviour would point to the foimxlion of a hydrate 
The vapour density agr6es with the formula C^HnOs Paraldehyde is employed' 
in medicine as a soponhe When distilled with sulphunc acid ordinary aldehyde 
IS generated Bromine at 0° enters the molecule without disturbance, forming 
parabromacctaldehyde (C 1900. I 1201) 

Metaldehyde, (0,1140)3 or (0,1140)4 (C 1902, II 1096) is produced by the 
same reagents (see above) acting on ordinary aldehyde at temperatures below o® 
It IS a white cr>stalline body, insoluble in water, but readily dissolved by hot 
' alcohol and ether If heated to 112®-i 15® it sublimes without previously melting, 
and passes into ordinary aldehyde with only slight decomposition When heated 
in a sealed tube the change is complete Exposed for several days to a tempera¬ 
ture varying from 60® to 65®, metaldehyde passes into aldehyde and paraldehyde 
(B 2 «, R 775) 

Chemical behaviour, refractive power, and specific volume point 
to a single linkage of oxygen and carbon , therefore the three oxygen 
atoms unite the three ethyhdene groups to a ring of six mtmbcis: 

CH, (B 24,650, 25 , 33x6, 20 , R 185) 

They may be considered cyclic ethers of ethyhdene glycol, of which 
the anhydride is acetaldehyde 

Behaviour of Acetaldehyde {Paraldehyde and Metaldehyde) (i) In the air 
acetaldehyde slowly oxidizes to acetic acid It produces a Hlvcr mirror from an 
ammoniacal silver nitrate solution Paraldehyde and metaldehyde do not 
reduce silver solutions (2) Alkalis convert acetaldehyde into aldehyde resin, 
(3) It IS changed to ethyl alcohol by nascent hydrogen (4) Aldehyde unites 
with alcohol to form acetal (p 205) (5) Hydrogen sulphide converts it into 

thioaldehyde (p zo*-) -with, mercaptans it ioTvos mf rcaptals {p 209) (6) Acetic 

anhydndc changes it to ethyhdene dxaceiate (p 207) (7) On shaking aldehyde 

with a very concentrotod solution of an alkali bisulphite crystalline compounds 
'Separate, CH,CII(OH)SO,K, which are resolved into their components when 
treated with acids (p 207] 

CH, CHO+HKSO,=CH, 

CH, CH<|^»*^-i HC 1 =CH, CHO+SO,+H, 0 +KCl 

Paraldehyde and metaldehyde do not unite with the bisulphites of the alkalis 
(8) Acetaldehyde reacts with ammonia, hydroxylamine, and phenylhydrarme, 
whilst paraldehyde and metaMebyde fail to do so (9) Phosphorus pcntachloride 
converts acetaldehyde, pai aldehyde and metaldehyde into ethyhdene chlonde 
(P ^ 07 ) 

For the condensation of aldehyde to aldol, crotonaldehyde, and other compounds, 

P* *96. 

V 
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Aldohydt combines vith hydrocyanic acid, the product being the nitrile ot 
the Jacric acid of fermentation, which may be synethesized in this manner. 

The homologues of lormlo and aeataldehyoes are prepared either (i) by the 
oxidation of the corresponding primary alcohols; or (2) by the distillation of the 
csdcium or barium 'salts of the corresponding fatty acids, mixed with calcium or 
barium formate; (3) by transformation of ethylene oxide or glycol ethers; (4) by 
organo-magnesium synthesis; and (3) from the next higher a-hydroxy-fatty acid 
(C. 1904. II. 509)' 


Name. 

Formula. 

M.P. 

B.P. 

Propyl Aldehyde [Propanall . . , 

CHgCHj.fHO 

mmmm 

49* 

n-Butyl Aldehyde [Butanal] 

(CH3){CH8)8.CII0 


75* 

Isobutyl Aldehyde [Methyl Propanal] . 

(CH,)8CH.CH0 


61® 

n-Valeraldehyde fPentanal] .... 

(CH,)[CH,]8CH0 


103® 

Isovaleraldehyde [2-Methyl butanal (4)] 

CgHgCHO 

— 

92® 

Methyl Ethyl Acetaldehyde 

CgHgCHO 


91* 

Trimethyl Acetaldehyde (B. R. 898) 

(cn8)8C.cfio 

—— 

74* 

n-Capric Aldehyde. 

CIlj [CH^]4CH0 

— 

128® 

Methyl n-Propyl Acetaldehyde . 

CbHiiCHO 

— 

116® 

Isobutyl Acetaldehyde. 

C^jHjiCHO 


121® 

CEnanthyl Aldehyde, CEnanihol . . . 

CHjCCHgJjCHO 

— 

155* 

[Octanal], CgHigO .... 

Cll8[CHj4.CHO 

— 

81® (32 mm.) 

Capric Aldehyde, CjoHjqO 

CH8[CHJ4CH0 

— 

106® (15 mm.) 

[Undecanal], CuHijO . . . 

CH.il.CHal8.CH0 

-4° 

117® (18 mm.) 

Laurie Aldehyde, 

CH3[CH,],„CH0 

44*5“ 

142® (22 mm.) 

[Tridecanal], CjjHjgO 

CHaLCHalii.CHO 

— 

152* (24 mm.) 

MyrisUc Aldehyde, C,4Hs80 

CH8[CH8],8CH0 

52*5° 

168® (22 mm.) 

[Pentadecanal], CjjHjoO 

CHaLCHalis.CHO 

— 

185® (25 mm.) 

Palmitic Aldehyde, 

CH8[CIla],4CHO 


192® (22 mm.) 

Marganc Aldehyde, 

CHarCHjljaCHO 

36° 

204® (26 mm.) 

Stearic Aldehyde, CigHjgO 

CH3[CH,]„CH0 


2X2® (22 mm.) 


Propyl aldehyde, by the action of hydrochloric acid, yields both parapropyl 
aldehyde, b p. 169®, and metapvopyl aldehyde, m.p. 180®. They have the 
molerulai foimiila (0,11^0)8 (B 28 , 4O9). 

(Enanthylio Aldehyde, CEnanihol (ofi'os, wine), is very readily prepared. 
It is formed together with uiidecylcnic acid when castor oil is distilled under 
diminished pressure: • 

CigVij^Oa -- C,oHi..C'0,H+CH8.[CH8]8CHO. 

Kianoleie Uodecylenic (EnAnthol. 

Aad. Acid. 


I. HALOGEN SUBSTITUTION PRODUCTS OF THE SATURATED ALDEHYDES 

The most important member of this class of substances is Trichlor- 
acetaldehyde. Chloral, Cds-CHO, b.p. 97®, D(^= 1-541, was discovered 
in 1832 by Liebig while engaged in studying the action of chlorine 
on alcohol (A. 1,182). 

Ffitsch considers that chlorine acts on alcohol t6 produce at mono- 
chloralcohol or aldehyde chlorhydrin (i). Alcohol and hydrochloric acid convert 
this, tlirough the aldehyde alcoholate. into acetal. Neither substance can be 
isolated. Obviously acetal is chlorinated too easily to mono- and dichloracetal 
(ii, and in.). These two compounds, under the influence of hydrochloric acid, pass 
into dichlor- and trichlor-ether (iv, and v.). Water changes the latter to dicnlox^ 
acetaldehyde alcoholate (vi.), which is converted by chlorine into chloral alco¬ 
holate. Sulphuric acid decomposes the latter into alcohol and chloral (vxii.) 
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(A. 279 , 28S: C. 1897, I, 635, Soi; compare also the chlormatiou of isobutyl 
alcohol, B. 27 , R. 507). ^ 

1 

CH,.CH.OH-S'* Cn,.'CII<g« -(cH,.CH<g^*“») 



II 


(cH. -Sli^cH,a CH<g^=^ 


IV 

CH3C1 .CH<^j^*^» 


III 

CHCI, cnc\^CH< 2 ^^ 


VI VII vin 

CHCI3 CCla . CCI3 CHO 

Chloralh\dYate, dtchloracetit ester, tnchlor-eihvl alcohol 26 , 2756)1 and ethylene 
monochlorhydrin are bv-Diodiicts in the manufacture of chloial. (Private com* 
munication from AnschuU and Sttepel.) 


Chloral is an oily, pungent-smelling liquid. When kept for some time 
it passes into a solid polymer. 


Chloral shows greater tendency than acetaldehyde to sevei its double linkage, 
between(arbon and oxygen, and to enter into addition-reactions Like acetalde¬ 
hyde it not only combines with acetic anhydride, the alkali bisulphites, ammonia 
and hydiocyamc and, but also with water, alcoliol h5dro\\laniirie, formamide—' 
four substances with which acotahlchvde is incapable ot nnitinc*. 

The following reactions of cldoial should also be obsnved: (i) The alkalis 
break it down into ckloioform and alkali formates; (2J fuming sidphuiic acid 
condenses it to chhrahde (q v ), trichlorolactic tnchloretjiylidenc ether ebter; 
(3) potassium cyanide changes it to dichloiacetic ethyl ester {q v.): 


(1) CCl,CHO-l-KOH-=HCCl3 MI.COaK. 

(SO.+HaSO.) ^^^>CH.CC 1 «. 

(2) aCClj.CHO-=- HCCI.-I-CCIbCHO 

Cbloralide. 


OH 

Chloral Hydrate, Trichlorethylidene Glycol, CC1,.CH<qjj, m.p. 57®, 

b.p. 96-98®, results from the union of chloral with water. It is 
technically prepared on a large scale. It consists of large monoclinic 
prisms. The vapours dissociate into chloral and water. Chloral 
hydrate dissolves readily in water, possesses a peculiar odour and a 
sharp, biting taste ; when taken internally it produces sleep, a fact 
which was discuverea in 1869 by Liebrcich (B. 2 , 269), It occurs in 
urine as urochloralic acid [q.v,). Concentrated sulphuric acid resolves 
the hydrate into water and chloral. It reduces ammoniacal silver 
^^lutions and when oxidized with nitric acid yields iricMorautic 
Hd. 
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In chloral hydrate is found the first example of a body which, contrary to 
the rule, contains two hydroxyl groups attached to the same carbon atom, without 
the occurrence of the immediate spontaneous cleavage of water. 

Other Halogen Substitution Products of Acetaldehyde. — Dichloracetaldehyde, 
b.p. 88-90®, results from the action of concentrated HjSOi, or better, benzoic 
anhydride (B. 40 , 217). on dichloracetal, CHCls.CH(OC|Hg),. Dichloracetalde~ 
hyde Hydrate, CHClfCH (OH)i, m.p. 57* and b.p, 120®. Monochloracetaldehyde, 
b.p. 85®, is formed when monochloracetal (p. 205) is distilled with anhydrous 
oxalic acid. It polymerizes very readily (B. 16 , 2245). 

Tribromaldehyde. Bromal, CBr,.CHO, b.p. 172-173*, is perfectly analogous 
to chloral. Heated with alkalis, bromal breaks up into bromoform, CHBr„ 
and a formate. 

Bromal Hydrate, Tribromethylidene Glycol, CBr9CH(OH)t, m.p. 53®. 

Bromal Alcoholate, CBr.,ClI(OH)(O.CjH5), m.p. 44®. 

Dihromacetaldehyde Hydrate, CHBrjgCH{OH),, m.p. 59®, is prepared by the 
addition of HBrO to acetylene (C. 1900, 11 . 29). 

Dihromacetaldehyde, b.p. 142®, is obtained by the bromination of paraldehyde. 

Bromacetaldehyde, b.p. 80-105®, is produced, like monochloracetaldehyde, 
from monobromacetal. 

Mono^iodoacetaldehyde, CHsI.CHO, is made by acting on aldehyde with 
iodine and iodic acid. It is an oily liquid, which decomposes at 80® (B. 22 , R. 561). 

The relations of the three chlor- (or bro'm-) acetaldehydes to the 
oxygen derivatives, of which they may be considered the chlorides, 
are shown in the following arrangement (p, 196): 

CH.Cl.CHO, Chloracctaldehyde. CHj(OH).CHO, Glycolyl Aldehyde. 

CHClg.CHO, Dichloracetaldehyde. CHO.CIIO, Glyoxal. 

CCI3.CHO, Trichloracetaldehyde. COaH.CHO, Glyoxylic Acid. 

Higher Chlorine Substitution Products of the Aldehydes : 

fi‘Chloropropionic Aldehyde, CHjCl.CHa.CHO, m.p. 35®, from acrolein, 
CH2=CH.CH0, and hydrochloric acid. 

p‘Chlorobuiyr aldehyde, CHj.CHCl.ClIj.CHO, m.p. 96®, is produced from croton- 
aldehydu, Cll3.en : CH.CHO. by the a<Mition of IlCl. 

aap-Trichlnrobutyraldehyde, Butyl Chloral, CH3.CIlCl.CClj.CHO, b.p. 163-165® 
(comp, acetamide). 

Butyl Chloral Hydrate,CH^CHCl.CCl^CBiOli)^, m.p. 78®, is formed from a- 
chlorocrotonaldoliyde and Cl,. Alkalis decompose it into formic acid, potassium 
chloride, and dichloropropylene.CH^. CCl: CHCl. When taken into the system it 
appears in the urine as urobutyl chloralic acid (^.v.), and is converted, by nitric 
acid, into trichlorobutj'ric acid. 

The relations of the^e three chlorinated aldehydes to the unsaturated aldehydes, 
from wliich they are formed by the addition of HCl or Cl,, and to the acids which 
they yield on oxidation, are shown in the following table:— 

HCI HNO, p « 

CH2==CH.CH0 - > CHjCl.CHj.CHO —> CHjCI.CH,.CO,H. 

Acrolein. (i-Chloropropionaldebyde. ^•Cbloropropionic Acid. 

HCI 

CHj.CH^CH.CHO - > CHj.CHCl.CHjCHO- > CH,.CHCl.CH,.CO,H. 

Crotonaldehyde. |S-Chlorobutylaldehyde. ^-Chlorobutyric Acid. 

CH,.CH=Ca.CHO CH,.CHa.Ca,.CHO- ^ CHj.CHCl.Ca,.CO,H. 

•’Chlorocrotonaldehyde. Butylcbloral. Tricblorobutyric Acid. 

Tetrabromobutyric Aldehyde, CII,Br.CHBr.CBr,CHO. m.p. 64®. b.p.ji 14^“* 
is prepared from paraldehyde and excess of broipine, with the intermediary 
production of crotonaldehyde. It does not form a hydrate, and is decomposed 
by alkalis into formic acid, bromopropargyl bromide, HaCBrC-CBr, and other 
bodies (C. 1905* II- 392 ; 1907, 1 . 1180). • 

PEROXIDES OF THE ALDEHYDES 

Formaldehyde peroxide: Diformal Peroxide Hydrate, HOCH,O.OCH,OH, m.p. 
51®, occurs during yie slow combustion of ethyl ether (B. 18 , 3343 )* Ammonia 
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cluinges it into HexaorymeihyleM Diamine, Hexamethylene Triperaxydiamine, 
N(CHgO.OCH,),N, which can also be easily prepared by the action of a solution 
of formaldehyde on ammonium sulphate dissolved in 3 per cent, hydrogen peroxide. 
The dry substance explodes as violently as diazobenzene nitrate on being heated^ 
by friction or by a blow (B. 33 , 2486). 

Acetaldehyde Peroxide has not, as yet, been closely investigated. 

Dlchloral Peroxide Hydrate, CCl,CH<Q^^^Q>CH.CCls,m.p. 122*, is prepared 

from chloral and H2O, in an ether solution or potassium persulphate in sulphuric 
acid (B. 33 , 2481). 

On the Oxontdes of the aldehydes, comp, also A. 343 , 326. 


2 . ETHERS AND ESTERS OF METHYLENE AND ETHYLIDENE GLYCOLS 

In the introduction to the aldehydes (p. 189) it was explained that these bodies 
could be regarded as anhydrides of glycols, only capable of existing m excep¬ 
tional cases In the latter the two hydroxyl groups were linked to the same 
terminal carbon atom. Stable ethers and esters qrf these hypothetical glycols are, 
however, known. 

These hypothetical glycols might also be designated orthoaldchydes, because 
they bear the same relation to the aldehydes that the hypothetical orthocarboxylic 
acids sustain to the carboxylic acids : 

.OH 
CH^ 

Orthofonnaldehyde. Formaldehyde. Orthofoimic Acid Formic Add. 

Basic and neutral mono- and dialkyl-ethcrs may be obtained from a dihy- 
droxy-alcohol The only mono-ether to be noticed in this connection is chloral 
alcoholate, which is mentioned under chloral hydrate : 

CCl,CH<g« CCl,CH<g^««« ca,CH<gg|2j. 

Chloral Hydrate Chloral Alcoholate. Tnchloracetal. 

Alcohols not highly substituted by halogens arc as Utile able to combine with a 
molecule of alcohol as with water. The dialkyl ethers aic named acetals, from 
their best-known representative. They are isomeiic with the ethers of the corre¬ 
sponding true glycols, whose OH-gioups are attached to dilfcient carbon atoms: 

/O.CaHs CH* O ('jHa 

CH,.CiI<' I • 

^O.CaHa CH.OCjHj 

Acetal Glycol Diethyl Lther. 

A. Alcoholates or Carbinolates of this type can only exist as addition products 
of alcohol with halogen substitution products of the aldehydes. In this they 
resemble the ethylidene glycols or aldehyde hydrates which are only stable when 
a sufficient number of hydrogen atoms have been replaced by halogens. 

Chloral Aleoholate, CClaCH<Q^ ^ , m.p. 65°, b.p. 114**, is the main product 

from the action of chlorine on alcohol (p. 201). It is also formed by treatment of 
chloral ov chloral hydratg with alcohol. Water changes it .slowly into chloral 
hydrate (B. 28 , R 1013). Chloral Dimethyl Ethyl Carhmolate, CClgCH(OH).- 
OC(CHs)bC,H|, is prepared from chloral and amylene hydrate (p. 121), or chlorine, 
amylene and hydrochloric acid (C. 1900, II. 1167). 

B. Acotalsareproduoed (i) when alcohols are oxidized with MnOaand HBSO4, 
The aldehyde formed at first unites with alcohol with the simultaneous separation 
of water: 

o 

3 CH,.CH, 0 H-^ CH,CH( 0 .C,H 4 ),+ 2 H* 0 . 

(2) When aldehydes arc heated with the alcohols alone to xoo”; and from 
trioxymethylene and alcohols on the addition of feme chloride (1-4 per cent.) 

, (B. 87 r R- 306), or syrupy phosphoric acid (C. 1899, 1 .9x0). 




CHjO 


CH^OH 

\OH 
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(3^) By the actioa of gaseous HCl on a mixture of alcohol and aldehyde, 
chhrhydrin (see Ethylene Glycol) being the first product: 

CH,CHO+C,H,OH CH,.CH<g^‘H. 4 .HCl. 

(36) More suitably, by the action of i per cent, alcoholic hydrochloric acid 
on aldehyde (B. 81 , 545)- 

(4) By the action of metallic alcoholates on the corresponding chlorides, 
bromides and iodides. 

(5) By the action of aldcliydcb on orthoformic ester or hydrochloric acid, 
formimido-cthcr and alcohol, z.e, on nascent orthoformic ester. This method is 
also employed for the prepaicihon of acetal of the ketones (B. 31 ,xoio; 40,3301). 

On heating the acetals wilh alcohols, the higher alkyls are replaced by the 
lower (A. 225 , 265; C. lyoi, I. 1146). When the a(;etal5 are digested with 
aqueous hydiogon chloiidc they are resolved into their constituents. They 
dissolve readily ni alcohol and lu ether, but with difficulty in water. 

The acctal'i arc considerably more stable towards alkalis than the 
aldehydes, end arc mainly tniploycd in those changes where aldehydes 
would be lesiiiified or conejmsed. 

J&eihylaX, Methylene Dimethyl Ether, Formal, CHa(OCHa)2, b.p. 42®, D. =0*855, 
is an t*xc(»llont solvent for nuiiiy carbon compounds. Methylene Diethyl Ether, 
Diethyl Formal, CH2(OC2H5)-, b p. 89®. For th* higher meihylals see B. 20 , 

553 1 27 , K. 507. Dichloromeihylal, Cn3(OCH2Cl)2, b.p. 1O6®, is obtained 
from the interaction of p.iiaformaldchyde and dichloromethyl ether, 0 (CH|Cl)t; 
and also from a formaldchy<lc >olution and HCl (A. 334 , i). With sodium metb- 
oxide and othoxidi it yields icspeclively Dimethoxymethylal, h.p. 107®, and 
Diethoxymethylal, b.p. 140®, having the general formula CH2(OCHjOR)j (C. 1904, 
H. 416, T906, II. 22O). 

Ethyhdene Dimethyl Ether, Dimethyl Acetal, CH3rH(OCn5)2. b.p, 64®. 

Acetal, Ethylidene Diethyl Ether, CH3CH(OC2H5)2, b.p. 104®, 
D2 o~ 0'83I4, is produced in the process of brandy distillation. It is 
quite stable towards the alkalis, whilst dilute acids readily break it 
down into aldehyde and alcohol (B. 16, 512). 

Chlorine acting on acetal produces— 

Monochloracetal, CH,Cl.CH{O.C,Il5)a. b.p. 157® (B. 24 , 161), results from 
Dichlorether, CHsCl.CHCl.OCgHj, and alcohol or sodium cthoxide (B. 21,617): 
also from paraldehyde chlorine, and alcohol (for releionces, sec Monohromacetal, 
below). 

Dichloracetal, CHCl2.CH(O.C,H5)„ b.p. 183-184®. 

Tnchloracetal, CClj.CH(OCjH5)„ b.p. 197®, is prepared from alcohol and 
chlorine. 

Monohromacetal, CHaBrCH(OC,H*)„ b.p. 170®, is produced from acetal, 
bromine, and CaCO*; or from paraldehyde, bromine, and alcohol (B. 25 , 2551; 
C. 1905, I. 1218; 1907, I. ii8o). Sulphuric acid decomposes the chlorinated 
acetals into alcohol and chlorinated aldehydes (p. 196). 

lodoacetal, I.CH,.CH(OC,Hj)„ b.p.g* 100® (B. 80 , 1442). Butyl Chloral- 
acetal, CH>CHC 1 .CC 1 ,CH(OC,Hb)„ b.p.,0 123® (C. 1907, I. 152). 

The polymeric modifications of aldehyde are closely related to the acetals, 
and result from an acetal-like union of similar molecules (p. 196). If molecules of 
dificrent aldehydes take part in the reaction, ther^ arc obtained compounds 
similar to those formed by the polymeric aldehydes; chloral and formaldehyde, with 

concentratedH,SOBgivefl'c;riicA/o>'od»>««fAy/Tfi/ro^flM,CCl3CH<CQ‘^^*’Q^CHCCl» 
axAHexachiorodimethylTrioxan.CC\,Cil< 2 f:Ql^'^CnC\, (B. 88, 1432)- 

C. Dihalogen Aldehydes and Aldehyde Halohydrins • their Alkyl Ethers and 
Anhydrides. 

In describing the dihalogen substitution products of the paraffins it was 
indicated that compounds in which two halogen atoms occur joined to the same 
terminal carbon atom bear an intimate genetic relation to the aldehydes, and are 
therefore called aldehyde dihalides. 
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If these compounds be referred to glycols containing two hydroxyl groups 
attached to the same terminal carbon atom,—i.s. the hypothetical o^o-alde- 
hydes,—then the aldehyde halides are the neutr^ haloid esters of these glycols. 
Between the ortho-aldehydes and the aldehyde halides stand the monohaloid 
esters, the aldehyde halohydrins, isomeric with the monohaloid esters of the true 
glycols,—the glycol halohydrins,—but only known in the form of their alkyl ethers, 
the a-monohaloids, ordinary ethers and their anyhdrides, the symmetrical a-disub- 
stituted, ordinary ethers: 


(cH,<g«) 



O^CH,Cl 

^^CHaCl 

CH.<g 

(CH^ ) 

\| ^OH/ 

\| ^C1 / 

/OC,H, 

CHC 

XHC1.CH, 

x:hci.ch. 

CHCl, 

1 

CH, 

CH, 

CH, 

tH, 




The genetic relations of the aldehyde halides to the aldehydes consist in the 
formation of aldehyde chlorides from the aldehydes by means of PCI5, and the 
change undergone by the aldehyde chlorides when heated to too® with water. 

I. Aldshyde Dlhalides.—The boiling points, .melting points, and specific 
gravities of some of the simple aldehyde dihalides arc given in the appended table. 
The inclosed numbers after the boiling points indicate diminished pressure : 


Name. 

Formula. 

M.P. 

B.P. 


0. 

Methylene Chloride . 

CHjCl, 


41® 

i '37 

( o») 

Methylene Bromide . 

CHjBr, 


98® 

2*54 

( o») 

Methylene Iodide 

CHJ, “ 

+4" 

181® 

3*28 

(IS”) 

Ethylidene Chloride . 

ClIaCHCl, 


60® 

117 

(20°) 

Ethylidene Bromide. 

CHjCHBrj 


no® 

2'02 

(20*) 

Ethylidene Iodide 

CHjCHIj 


127® (171) 

2*84 

( 0") 

Propylidene Chloride 

CH.-ClljCHCl, 


86® 

1 I'i6 

(14”) 


Methylene Chloride is formed from CHjCl and Cl, by the reduction of 
chloroform by means of zinc in alcohol, and from trioxymethylene and PClj. 

Methylene Bromide results on heating CHaBr with bromine to 180®, and by 
the action of trioxymethylene on aluminium bromide, or phosphorus penta- 
bromide. 

Methylene Iodide is produced when iodoform is reduced with HI, or better, 
with arsenious acid and sodium hydroxide (Klinger), It is characterized by a 
high specific gravity. Chlorine and bromine change it to methylene chloride and 
bromide (comp, ethylene, p. 80). Mercury changes it into ICHaHgl (C. 1901. 1 .1264). 

Ethylidene Chloridet Aldehyde Chloride^ is produced (1) from aldehyde by 
the action of PCI,, (2) from vinyl bromide by means of hydrogen bromide, and 
{3) by treating copper acetylidc with concentrated hydrochloric acid (A. 178 , iii) 
(comp. Ethylene, p. 80). 

Ethylidene Bromide is obtained by the action of PClsBrj on aldehyde 
(B. 6. 289). 

Ethylidene Iodide is obtained from acetylene and hydriodic acid (B. 28 , 
R. 1014). 

2. Alkyl Ethers of the Aldehyde Halohydrins, a-Monohalold Ethers result 
from the action of alcohols and haloid acids on the aldehydes. Alcohols 
or alcoholates readily convert them into acetals. Monockloromethyl Ether, 

b.p. 60®;* Di,=i-I5o8. Monockloromethyl Propyl Ether, 

ClCHaOCsHf, b.p. 105-110®, and higher homologues are obtained from trioxy¬ 
methylene hydrochloric keid and methyl, ethyl, propyl, etc., alcohol (A. 834 , 49 ; 
B. 86, 1383). They are highly reactive bodies; with water they regenerate 
formaldehyde; with formates and acetates they yield ether-esters of the type 
HCOOCHfOR: with magnesium alkyl halides they give simple (p. 126); 
with magnesium in presence of ketones or carboxylic esters or magnesium-organic 
compounds such as ROCH|MgX (p. 186), they form ethers of the ethylene glycols^ 
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R"R'C(OH)CHjOR,or rfw/Atffs of the ^/y£f»'o/f,R'C(OH)(CHsOR)i; withmercary 
or copper cyanides they are converted into nitriles of alkoxyl glycollic acid 
NC.CHjOR (C. 1907, I. 400, 871). They yield hexamethylenetetramine with 
ammonia (p. 2Z0), and form quaternary ammonium salts. ClR|NCH|OCH|, 
with tertiary amines. Monohromomethyl Ether, b.p. 87®; D-ia=“i*53i. Mono- 
iodomethyl Ether, b.p. 124®; Dj,=2 0249 (B. 26 , R. 933). 

a-Monochlorethyl CHjCHCl.O.CHjCIIs, b.p. 98°, isomeric with ethylene 

chlorohydrin ethyl ether, ClCHgCHj.O.CjHg, is produced by the chlorination of 
ether, and by saturating a mixture of aldehyde and alcohol with hydrochloric 
acid, into which substances it is again resolved by water. Monohromethyl Ether, 
b.p, 105® (B. 18 , R. 322). 

3- Sym. aa'-Dihalogen Alkyl Ethers, Ethers of the Aldehyde Halohydrlns. 

The symmetrical dihalogen methyl ethers result from the action of the halogen 
acids on trioxymethylene (C. 1900, I. 1122; 1901, 1I>26; A. 334 , i). sym.- 
Dichloromeihyl Ether (CHaCllgO, b.p, 105®, 0 = 1*315, is also obtained, together 
with dichloromcthylal from trioxymethylene and PCI3. syxa.-Dibromomethyl 
Ether, b.p. 150°. sym.-Di-iodomethyl Ether, b.p. 218®. 

D. Carboxylic Esters of Methylene and Ethylidene Glycols are formed (i) from 
aldehydes and acid anhydrides; (2) from aldehydes and acid chlorides ; (3) from 
the corresponding chlorides, bromides, and iodides by the action of silver salts. 
When boiled with water these esters break down into aldehydes and acids: 

1. CH,CHO + (CHjCO)gO =CH3CH(0C0CH,)., 

2. CHjCHO+CHjCOCl 

3. CHaT3+2CHjC0gAg=CH3(0C0CH,)3+2AgI. 

Methylene Oiacefafe, CH3(OCOCHj)|, b.p. 170®. For higher homolcgues see C, 

1902, II. 933; 1903, II. 656; Ethylidene Diacetate, CHjCHlO.COCI'Jj)^, b.p. 169®: 

Chloral Diacetate, CCl8,CH{OCOCHa)2, b.p. 221°. Bromal Diacetate, m.p. 76®, 

Monochloromeihyl Acetate and Monobromomethyl Acetate, Br.CH*OCOCH*, 
b.p. 130®, are prepared from trioxymethylene and acetyl chloride or bromide 
(C. 1901, II. 396). Ethylidene Cklorhydrin Acetate, Monochlorethyl Acetate, 
CHsCHCl.OCOCHj, b.p, 121*5®, parent substance for the preparation of 

ether-esters and mixed ethers, Ethylidine Chlorhydrin Propionate, b.p. 134-136®. 
Silver propionate with the first chlorhydrin forms the same Aceto-cthylidine 
Propionate, CH,COO.CH(CH3)OCOCtH6» b.p. 178*6®, as silver acetate with the 
second chlorhydrin. These facts argue for the equivalence of the carbon valencies 
(Geuther, A. 225 , 267). 

Chloral Acetyl Chloride, CCl3CHCl(OCOCH3), b.p. 193*. 

Bromal Acetyl Chloride (C. 1900, II. 811). 

Chloral Ethyl Acetate, CCl3.CH(OC3H5)OC,O.CH3, b.p. 198® (C. 1901, I, 930). 

K, Aldehyde Bisulphites and Sulphoxylates. 

The aldehydes in aqubous solutions absorb sulphurous acid with the evolution 
of heat (B. 38 , 1076 ; C. 1904, II. 54, etc.). On evaporation the gas is driven off ; 
but if bisulphite salts are added in the first place this does not occur, and 
crystallizable salts are obtained of the general formula RCH0HS03Me. The 
bisulphites serve to characterize the various aldehydes. 

Previously these compounds were considered as l?eing a-hydroxy-alkyl 
sulphonic acids. However, a comparison between hydroxy-methyl sulphonic 
acid (p. zro). obtained from the methyl alcohol, with formaldehyde shows at once 
that great differences exist. The first-named acid and its salts are very stable, 
and show little tendency to undergo transformation, whilst formaldehyde 
bisulphite and its higher homologues— . . ^ 

(1) are easily decomposed by hydrochloric acid or alkalis, regenerating the 

aldehyde; . ^ - 

(2) are easily transformed by aqueous solutions of alkali cyanides, forming 
aldehyde cyanhydrins or o-hydroxyacid nitriles (B.* 87 , 4060; 38 , 213). 

H 0 .CH,.S 03 K 4 -KNC = H 0 CH,CN-fK,S 0 t: 

(3) are converted by ammonia or amines into alftylidcne amino-sulphites 

(B. 37 , 4075: 38 , 1077): 

HO.CH,.SO,Na+NH3=NH,.CH,.SOtNaH-H,0; 

( 4 ) yield derivatives of sulphoxylic acids by reduction (p. 208). 

From these observations mrinaldehyde bisulphite and all similar btsulphtle 
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addition products of homologous aldehydes are looked upon as b^g the bi¬ 
sulphites of aldehyde ortho-hydrate, which are isomeric with the a-hydrozy-. 
sulphonates (comp. p. 210, B. 38 ,1069): 


C^»<SO,Na 1 

Sodium Hydroxymethyl Sulpbohate. 


CH 

^^^>^O.SOjNa 

Formaldehyde Sodium Bisulphite, 


Neutral sulphites also form aldehyde bisulphites with the liberation of alkali 
hydroxide, the titration of which serves as a method of quantitative estima¬ 
tion of the aldehyde (C. 1904, 1 . 1176, 1457): 


RCHO+SO,Na,=RCHO.HSO,Na+NaOH. 


Reduction of aldehyde bisulphites by zinc dust and acetic acid leads to the 
formation of aldehyde sulphoxylates (B. 38 ,1073 ; C. 1905, II, 1752, etc.), 

RCH(0H)'0S0,Na+2H=RCH(0H).0S0NaH-H,0. 


Formaldehyde Sulphoxylates H0CH2.0S0Na-|-2H,0, withstands the action 
of alkalis better tlian formaldehyde bisulphite. It forms small rhombic prisms 
(C. 1905, I. 795). A finely crystallizing double compound of formaldehyde 
sulphoxylate and fordialdchyde bisulphite (B. 38 , 2290) may be prepared from 
formaldehyde and sodium hydrosulphitc, This body, known under the 

name of RongalitCs is of technical importance in the dyeworks where, in discharge 
work, the reducing action of sodium hydrosulphitc is developed at a raised 
temperature and then only, acts on the azo-dyestuffs, indigo, etc., without 
attacking the fibre. Rongalite can be split up into its constituent compounds 
by fractional crystallization. Sulphoxylates react with amines similarly to the 
aldehyde bisulphites (p. 207}. 


3. SULPHUR DERIVATIVES OF THE SATURATED ALDEHYDES 

In this class are (A) the thioaldekydes, their polymeric modifications and their 
stdphones ; (B) the mercaptals or thioacetals, with their sulphones; and (C) the 
hydroxysulphonie and disulphonic acids of the aldehydes. 

A. Tbloaldehydes, Polymerlo Thioaldehydes and their Sulphones.—The simple 
thioaldehydes are not well known, whilst the polymeric thioaldehydes are more 
accessible. All of them can be regarded as the alkyl derivatives of polymeric 
trithioformaldehyde, the trithiomethylene, discovered by^. W, Hofmann. They 
are formed when the aldehydes are acted on with H^S and HCl. The HjS adds 
itself to the 0-group of the aldehydes, and hydroxy-hydrosulphides result, 
from which the tritMoaldehydes arise: 


CH, 0 . 


, H.S 


ch.<sh 


CH,< 


S.CHjSH 

S.CHjOH 




The trithioaldehydes are odourless solids, whereas the simple thioaldehydes 


and their mercaptan-like transposition products possess a persistent, disagreeable 
odour. Potassium permanganate oxidizes the tnthioaldehydes first to sulphide- 


siUphones and then to trisulphones. The molecular weight of the trithioaldehydes 
has been determined both by vapour density and by the lowering of the freezing 
point of their naphthalene solution. Klinger first proposed the structure for the 
'trithioaldehydes which corresponds with the formula of paraldehyde and was 
proved correct by the oxidation of the trithioaldehydes to trisulphones. 

The isomeric phenomena of the trithioaldehydes were considered hy Baumann 
and Fromm to be due to their space-configurations (B. 24 ,1426). 

Proceeding from the same considerations, which served Baeyev in his ex¬ 


planation of the isomerism Cl thehexamethylene denvdi.tiycH(^c.eHexahydrophthalic 
Acids), these chemists distinguished a-, cis- or maleinoid and p, trans- or fumaroid 
modifications. Camps represents the spacial difference between the two trithio¬ 
aldehydes in the following wry 
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The C-atoms are aasnmed to be in the angles of the triangles, and the S-atoms 
are in the middle of the sides. The three alkyl groups are either upon the same 
aide of the six-membered ring system: a, £t 5 -form ; or upon difierent sides of ft: 
p, frans-modification. Only one disulphone-sulphide corresponds with the ds- 
modification, whilst two stereoisomeric disulphone-sulphidcs take the trans¬ 
form. On ff/ingtfr's interpretation of these phenomena as alloergattc isomerism/* 
characterized by the various energy-contents of the isomers, compare fumaric and 
maleic acids, see B. 82 , 2194* 

Trlthioformaldehyde, [CH^S],, m.p. 216^, is prepared by boiling together 
formaldehyde, sodium thiosulphate, and hydrochloric acid. Probably an inter¬ 
mediate compound formaldehyde thxosulphuric acid^ CH,(OH)S.SO*H, is formed, 
which breaks up on boiling into thioaldehyde and sulphuric acid (B. 40 , 865). 
On heating trithioformaldehyde with iodomethane and methyl alcohol, there is 
formed trimethyl sulphinium iodide (p. 145; C. 1906,’!. 649). a-Trithioacetalde~ 
Hyde, m.p. loi®, b.p. 246-247®, and p-Trithioacetaldehyde, [CHjCHS]*. m.p. 
125-126®, b.p. 245—248*; at low temperatures the a-form predominates, but can 
be changed in considerable proportion into the j8-form by the aid of catalysts 
such as iodine, zinc chloride, acetyl chloride, hydrochloric,acid, etc. (B. 24 ,1457 ; 
C. 1905, II. 1720 ; compare also C. 1904- It- 21). 

Sulphones of the Tnthxoaldehydes. —^Thetrisulphoncs,resulting from theoxidation 
of the trithioaldehydes, are all to be considered as being alkylated derivatives of 
trimethylene trisulphone. The six methylene hydrogen atoms of trimethylene tri-' 
sulphone are acidic like those of the methylenes ii» malonic ester {q.v.). They can 
be replaced by metals, and hexa-alkylated trimethylene sulphones can be synthe¬ 
tically prepared by the double decomposition of the alkali derivatives with alkyl 
iodides. These are identical with the oxidation products of the corresponding 
irithioketones. The primary product in the oxidation of a trithioaldehyde is a 
monosulphone, the secondary a disulphone, and finally a trisulphone is 
produced. 

Trimethylene Trisulphone, and Trimethylene Dlsnl- 

f'TT ^ ^ 

phone Sulphide, m.p. above 340®, as is also that of 

Trlethylidene Trisulphone, rCHarHSOjl, (B. 25 , 24.S). 

The two isomeric trithioacetaldchydcs yield Trlethylidene Disulphone Sul¬ 
phide, m.p. 228-231®. "The isomerism of the 

trithioaldehydes vanishes in thoxr oxidation products ” (B. 26 , 2074 ; 27 , 1667). 

ThIaldine,CHa.CH<|'^^|^J]*j>Nn. m.p. 43®, is produced by the action of 

NH, on a-trithioacctaldehvdo (B. 19 , 1830). and of H,S on aldehyde-ammonia 
(A. 61 , 2). It yields eihvhdene disulphonic acid (p. 210) by oxidation. Methyl 
Thlaldlne, (CaHJjSatNCH,), m p. 79 ^* (B. 19 , 2378). 

B. Mercaptals or Thloacetals and their Sulphones. 

The thloacetals, corresponding with the acetals (p. 205), are called mercaptals. 
They arc formed (t) from alkyl iodides and alkali mercaptides ; (2) by the action 
of HCl on the aldehydes and mercaptans. First an addition product is formed 
such as CH9(OH)SC9 Hh, which with a second mercaptan molecule loses water 
and yields a morcaptal. It is possible, therefore, to prepare mercaptals con¬ 
taining two different alkyl groups (B. 36 , 296). They are oils with very 
unpleasant odours, and are oxidized by KMnO| to sulphones. 


CJU< 


S.CJI 

S.C,H 


5 

6 




' Methylene Mercaptal, CHa{SC2H5)2, b.p. about 180®. Ethylidene Mercapial, 
Dithioacetal, CHaCH(SCjnB)i, b.p. i86®. PropyJedeue Mercapiad, CHaCHjCH- 
(SCjHjjj, b.p. 198®. t . 

In the sulphones of the mercaptals the methylene hydrogen (see above) la 
replaceable by akali metals. Mono- and dialkylated Sulphones can be prep^ed 
from these akali derivatives. Again, the dialkylized sulphones may be obtained 
from the mercaptols (p. 226); sulpHonal belongs to this class. 

Metbyleue Diethyl Sulphone, CHj(SOtCjH|)9. m.p. 104®. is readily soluble in 
water and in alcohol. It is formed in the oxidation of orthothioformic ethyl ester 
(4^.0.). It condenses with formaldehyde, forming methylene dimcthenyl tetraethyl 

VOt. I, • 
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suipbone (B. 88^ xx2o). MeihyUn$ Ethyl Phenyl DUuiphone, CHtfSOaCtH^) 
(SO|CgH b), m.p. 111 ° (B. 36 ,300). Ethylidene Diethyl Sulpkone, CHBCH(SOBCgH()f. 
m.p. 75®, b.p. 320® with decomposition, 

C. Hydroxysulphonic Acids and Disulphonic Acids of the Aldehydes. 

Hydroxymethyl Sulphonic Actd, Ci-ls(OH)SO,H, is formed toRcther witl 
Hydroxymethylene Dtsuiphonic Acid, CH(OH)(SObH)|, and Methine Trisuiphoni 
Acid, CH(S03H),, by the action of fuming sulphuric acid on methyl alcohol 
and subsequent boiling of the product with water. Boiling acids or alkalis have 
no effect on it (comp. p. 208). 

Methlonle Acid, Methylene Disulphonic Acid, CH2(SOBH)t, has long been 
known. It is produced when fuming sulphuric acid acts on acetamide, aceto¬ 
nitrile, lactic acid, etc. It is most conveniently made by saturating fueling sul¬ 
phuric acid with acetylene (from calcium carbide), but acetaldehyde disulphonic 
acid, CHO.CH(SO,H)b is the main product of reaction. 

This acid can be completely decomposed by alkalis into formic and methionic 
acids: 

0(S0aH)a H.O 

CH; CH -:^ 0 CH.CH(S 03 H,)-^ HO,CH-l-CH,(SO,H), 

Acetylene. « Acetaldehyde Formic Methionic 

Disulphonic Acid. Acid. Acid. 

Methionic acid crystallizes in deliquescent needled, which are not decomposed 
by boiling nitric acid. Barium salt, CH3(S03)BBa+2H30, forms pearly leaflets 
dissolving with difficulty. 

Methionic Methyl Ester, CIIjfSOjCHj),, m.p. 70®, b.p.i, 194-200® : ethyl ester, 
m.p. 29®, results from the action of silver methionate on iodoalkyls, and is easily 
hydrolyzed by water. Methtonyl 01*13(80301)3, b.p.33 is 

formed from methionic acid and phosphorus pentachloride. It reacts energeti¬ 
cally with water or alcohol, regenerating methionic acid. With amines, especially 
those of the aromatic series, it forms amides. 

Methionic Anilide, CHa(S03NHC3H5)i, m.p. 193®, yields well crystallizable or 
insoluble salts; 0H3(S03NMeCBH3)2> McthionicDietkylamlide,tZll^{'SO^\Qjlil^- 
ObH,)*. m.p. 113® 

The esters, still better the dialkyl amides of methionic acid, react with 
potassium and sodium, evolving hydrogen and forming salts, KCH(SO,U)j and 
NaCH(S03NR3)a which readily undergo transformation with alkyl halides, 
acyl halides and carboxylic esters. As a result, of -methionic acid can 

be formed in the same way as malonic ester is caused to yield its homologues 
(Communication from G. Schroeter : comp, also B. 38 , 331^9): 

CHI 

NaCH(SO,NK,),-C,H,CH{SO,NR,),-C,Il5CH(SO,H), 

Ethyl Methionic Acid. 

CH,CNa(SO,NR,), h*>C.(SO,NR,),-^ “»>C(SO,H), 

* Ethyl Methyl 
Methionic Acid. 

Ethylidene Disulphonic Acid, Methyl Methionic Acid, CH,CH(S03H)3, is also 
formed from thialdine (p. 209) by oxidation with permanganate (B. 12 , 682; 
21, X550)- 


4. NITROGEN DERIVATIVES OF THE ALDEHYDES 

A. NItro-Compounds.— Bromonitromethane, and i ,t-Bromonitroethane and 
•propane, as well as 1,1-Dimlropafaffins (p. 154), diisowframifies (p. 154) and 
the salts of the art-nitioparaflUns (p. 150), which have been previously described, 
must be regarded as nitrogen derivatives of aldehyde. 

B. Ammonia and Monalkylamine Aldehyde Derivatives (p. 195)-— 
Whilst ammonia combine^' with acetaldehyde and its homologues, 

forming aldehyde-amrvonias or amido-alcohols, e.g,, CH,.CH<q^*» 
when it comes into contact with formaldehyde it immediately 
produces. 

Hexamethylene Tetramlne, Urotroptn (CH3)bN 4, which is known under the 
name of formin, is a solvent tor uric acid. It is very soluble in water, and 
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crystallizes from alcohol in brilliant rhombohedra. It sublimes without decom* 
position under reduced pressure. It is resolved into CH ,0 and ammonia when dis¬ 
tilled with sulphuric acid. It is a monacid base, but shows no reaction withlitmus 
(B. 22 ,1929). Efforts have been made to ascertain its molecular weight by the 
analysis of its salts, by an approximate determination of its vapour density, and 
by the lowering of the freezing point of its aqueous solution (B. 19 , 1842 ; 21 , 
1570). Nitrous acid first converts hexamethylene tetramine into dinitroso- 
pentamethylene tetramine, and this then into trinitrosotrimethylene triamine. 
When it is considered that trimethylene trimethyl triamine is formed by the 
interaction of methylamine and formaldehyde, it is obvious that the reaction 
must cease at this point, because the imide-hydrogen atoms have been replaced 
by methyl groups. Ammonia and formaldehyde yield at first trimethylene 
triamine, corresponding with trimethylene trimethyl triamine, which absorbs 
ammonia and formaldehyde, splits off water and #bccomes pentamethylene 
diamine. The latter is converted by formaldehyde into hexamethylene tetramine. 
The following constitutional formul® aim to represent this behaviour (comp. 
Roscoe and Schorlemnier (1884), vol. iii. 646; Duden and Scharff, A. 288 , 218; 
see also C. 1898, I. 36): 



Trimetfaylene TrJamine. PcntamethylRne Tetramine. Hexamethylene Tetramine. 


Hexamethylene tetramine forms addition compounds with bromine, iodine, 
iodoalkyls and iodine, mercuric iodide and iodine, chloral and bromal (C. 1898, 

H. 663 ; 1900,1. 409): 

(CH,),NJ,. (CH,),NJ,.CH,I, (CH,),N*.CClaCH 0 + 2 H, 0 , 

When heated with hydrochloric or acetic acid urotropin is decomposed 
respectively into formaldehyde and ammonia or into methylamine and COj (C. 1906, 

I. 1088). Compare the formation of trimethylaiuine by heating formaldehyde 
with ammonium salts (p. 158). 

The following bodies arc produced when primary amines act on formalde¬ 
hyde (B. 28 , K. 233, 381, 924 ; 29 ,2110): 

Methyl Methylene Amine, [CHa=N.CH,]8, b.p. i66° ; Di,., = 0*9215. 

Ethyl Methylene Amine, [CHj^N.CjHgjj, b.p. 207°; Dj*., = 0*8923. 

n-Propyl Methylene [CH*—N.CjH,]*, b.p. 248® ; Djg., = o*88o. 

The hydroiodides of methyl and ethyl methylene amines are converted by 
heat into isomeric salts possessing the characteristics of quaternary ammonium 
salts, as is perhaps represented by the following formul® (A. 334 , 210); 

[{CH2)3{NR)*]HI and [(CHs)3(N.R,H)]RI. 

By the use of aldehydes of higher molecular weight, the tendency to poly¬ 
merization on the part of the reaction products of primary amines and aldehydes 
diminishes; 

Methyl Isobutylene Amine, (CHs)jCH.CH=N.CH,, b.p. 68®. Secondary amines 
and formaldehyde yield— 

Tetramethyl Methylene Diamine, 

B. 86, 1196). * * 

Aldehyde bisulphites (p. 207) react with ammonia and primary or secondary 
amines to form sulphurous acid esters of the aldehyde ammonias (B. 37 ,4087; 88, 
1077). ^ They also result from the action of sodium bisulphite on alkylidine imines. 

Aminomethyl Sulphurous Ester, NHjCHj.OSOjH, foyns crystals soluble with 
difficultyin water. Diethyl Aminomethyl Sodium Sulphite, (CjHjljNCHj.OSOjNa, 
yields tetraethyl methylene diamine when heated with hydrochloric acid or 
potassium hydroxide solution. With acetic anhydride it forms Diethyl Amino^ 
methylene Acetate, (C,H,),NCHa.OCOCH„ b.p.,4 81®. Potassium cyanide in 
aqueous solution changes it to diethyl aminoacetonitrile (CtH»)|N.CH|CN, 
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A^dehydo-ammonia, CH3CH(OH)NH2, m.p. 70-80® ' is produced 
when dry ammonia gas is conducted into an ethereal solution of 
aldehyde, and consists of brilliant rhombohedra, dissolving readily in 
water. Acids resolve it into its components (p. 195): 

NH, ' H,S04 

CH,.CHO-^ CH,.CH(OH)NH,- > CHaCH 0 +NH 4 H.S 04 . 

When kept for a long time in vacuo over sulphuric acid, the original crystals 
• gradually change into gleaming white ones of Ethylidemmine, (CHjCHa=NH)j, 
ni.p. 85®, b,p. 12 The picrate, recrystallized from alcohol, has the formula 
(C,H4N)j.C,H,(N'Oj)aOH+CaHjOH (C. 1899, I. 420), 

In contact with water it passes into amorphous Hy dr acetamide, CiHuN,. 
Sodium nitrite, added to a slightly acidified solution of aldehyde-ammonia, 
produces 

Nitrosoparaldimine, C,HijO,(N.NO), which by reduction becomes Amine- 
paraldimine, CfHisOiCN.iNHi), and this in turn, by the action of dilute sulphuric 
acid, splits off Hydrazine, NHg.NHg (B. 28 . 740). Paraldimine should be viewed 
as paraldehyde in which an oxygen atom has been replaced by the imino-group. 
Hydrogen sulphide changes aldehyde-ammonia to Tkialdine (p. 209), whilst with 
hydrocyanic acid it becomes the nitrile of a-amidopropionic acid (q.v.), A rather 
remarkable reaction occurs when aldehyde-ammonia acts on acctoacetic ester, 
resulting in the formation of 1,^,5-Trimetkyl Dihydropyridine Dicarboxylie 
Ester (Vol. II.). 

Haxaetbylidene Tetramfne, (CH,CH)eN4. m.p. 102**, with 6 H, 0 , m.p. 96**, is 
obtained by heating aldehyde-ammonia with aqueous ammonia to 150^ (C. 1900, 
1. 901). 

NH 

Chloral-ammonia, CCl8CH<Qjj*, m.p. 63®. 

For the chlordlimides, (CCI3.CH : NH)s, and Dehydrochloralimtdes, C4H4C1,N,, 
consult B. 25 , R. 794 ; 24 , R. 62S. The isomerism of the former is very probably 
dependent upon the same causes as that of the polymeric thioaldehydes (p. 208). 


C. Aldbximea, R',CH=N.OH {V. Meyer, 1863). 


The aldoximes are formed when hydroxylamine, in the form of 
an aqueous solution of hydroxylamine hydrochloride (i mol.), mixed 
with an equivalent quantity of sodium hydroxide mol.), acts in 
the cold on aldehydes. At first there is very evidently formed an 
unstable addition product, corresponding with aldehyde-ammonia, 
which in the case of chloral may be obtained,in stable form, but 
which passes readily into the oxime: 

^/NH(OHK -H ,0 ^ 


D 


NH.OH 




(' 


> (CH,C^H 




> CH,C<g 


n NH.OH /NHOH -H ,0 

CClfiJfi -CCla.C^H - ^ 




Aldoximes can also be obtained from primary amines by oxidation with 
permonosulphuric acid, HjSOg (B. 35 , 4293). by reduction of ajS-nitroolefines 
(p, 151) with zinc and acetit acid (C. 1903, 11 . 553) : 

CHj.CHjNH, CH 3 CH ; NOH 

(CH,)8C : CHNOt- >■ : NOH 

The aldoximes are colourless liquids which boil without decomposition. The 
first members of the series dissolve readily in water. When boiled with acids they 
are again changed to aldehyde and hydroxylamine. By the action of anhydrides 
or acid chlorides the aldoximes are converted into nitriles: 

CH,CH-N0H+{CH3C0),0«CH,C : N-f. 2 CH,CO,H. 

AMtesIme. Acstoaltilk. 
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The oximes and hydrazones (see below), like the aldehydes, take up h3rdro^ 
cyanic acid; the products are amidoxyl- or hydrazino-nitriles (B. 29 ,62). By the 
durect action of alkyl halides on aldoximes and ketoximes only alkyl-nitrogen 

.NR' 

(C. 1001, 1 . 1147). 

Formozime, Formaldoxime, CHj^N.OH, b.p. 84^. passes spontaneously 

into polymeric trUormoxIme, (B. 29 , K. 658). 

Formoxime yields hydrocyanic acid when it is boiled with water (B. 28 , R. 233 ; 
C. 1898, II. 18). 

Acetaldoxime, CH..CH:NOH, mp. 47®, b.p. 115*^ also exists in a second 
modification, m.p. 12 , which readily reverts to the first form (B. 26 , R. 610; 
27 , 416 ; 40 , 1677 ; C. 1898, 11 . 17S). Chlorine in hydrochloric acid solution con¬ 
verts it into chloronitrosoethane, CHgCHClNO (p. 153), which easily becomes 
rearranged into CH3CCI: NOH. 

Chloral Hydroxylamlne, CCl8.CH(OH)NH(OH), m.p. *98® (B. 25 , 702), even 
upon standing in the air, becomes converted into 

Chloraloxlme, CCljCH—NOH, mp. 39-40®- 

Proptonaldoxime, C2H,.CH=N.OH, bp. 130-132®. 

Isobuiyraldoxtme, (CH,),CH.CH=NOH, b.p. ijg®. Isovaleraldoxime, (CHs)^- 
CH.CH,.CH=NOH, b.p. 164-165®. (ETtanihaldoxtme, CHj(CH2)aCH:NOH, m.p. 
55 ' 5 *, b.p. 195®. MyrisHn Aldoxttne, m.p. 82° (B, 26 , 2858). 

The aldoximes of the fatty series resemble the aromatic syn-aldoximes in their 
behaviour (B, 28 ,2019), 

D. Dlazoparafflns are produced, as shown by v. Pechmann in 1894, by the 
action of alkalis on nitrosamines. Diazomethanc alone has been carefully studied. 

Diazomethane, Azimethylene, is best prepared by the action of 

alkalis on nitrosomethyl urethane in ether solution, when the alkali inethyl-azoate 
is formed as an intermediate product which yields diazomethanc by the action 
of water (B. 36 , 897); 

CH,N<?,? - „ -^ CH,N-=N.OK- > CH,<^ 

Diazomethane is also formed from methyl dichloramine and hydroxylamine 
(p. 167); compare also B. 29 , 961). At the ordinary temperature it is a yellow, 
odourh S3, and very poisonous gas, which strongly attacks the skm, the eyes, and 
the lungs. • 

Diazomethane exhibits the reactivity of diazoacctic ester (f.v.)* Water con¬ 
verts it into methyl alcohol. Iodine changes it to methylene iodide. Inorganic 
and organic acids are changed into their methyl esters: hydrochloric acid into 
methyl chloride; hydrocyanic acid into acetonitrile; phenols into anisols; 
toluidinc into methyl toluidine. 

Aldehydes transform it into alkyl methyl ketones (p, 217). Diazomethane 
unites with acetylene to form pyrazole, and with ethylene to form pyrazoline 
(C. 1905, II. 1236). With methyl fumarate it forms pyrazoline dicarboxylic ester 
(B. 28 , 624, 2377: 81 , 2950). For its behaviour with quinoncs, compare 
B. 82 , 2292. On dissociation of diazomethanc into (CHs)« and nitrogen, 
see B. 88,95O. 


E. Aldehyde Hydrazones (£. Fischer, A. 190,134 ; 236,137). 

The aldehyde hydrazones correspond witB the aldoximes. They 
the transposition products of aldehydes and hydrazines {q-v.), which 
are formed when their constituents are mixed in ethereal solution: 

CH,CHO-l-H,N.NHC,H, = CH.CH«N.NHC,H,+H, 0 . 

Aeetaldebyde Hydrazona, Ethylidene PhenylkydroMine, CH,.CH— NNHC^Hg, 
b.p.ts 140® : tt'form, m.p. gS-ioi® ; fl-form, m.p. 75®, forms a white crystaUina 
m a s s which is sensitive towards acids, when recrystalliaed from 75 per'. 


compounds of the Isoximes (Vol. II.) are formed, RHC^I and R| 
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cent, alkaline alcohol the a-modification is obtained ; if it is recrystallised from 
75 per cent, alcohol containing SO3 the labile jS^modification is deposited, which 
gradually changes into the a-form. The two modihcations are identical in struc¬ 
ture, and are stcreoisomerically connected (p. 32) (A. 842 , 15). Structurally 
isomeric with this compound is Phenyl AzoeihyI, C,HjN : N.CHjCHj (Vol. II.), 
which is transformed into acetaldehyde hydrazonc by solution in cold concen¬ 
trated sulphuric acid ( 13 . 29 ,793). Aldehyde precipitates ^compound, CHj.CHO.- 
2(C,H*NHNH2), ™ P- 77'5°» from the solution of phenylhydrazine bitartrate 
(B. 29 , R. 59b), 

Pfopylaldehyde Phcnylhydrazone, CHg.CHa.CH—NjCjHg, b.p.jgo 205®. These 
hydrazones take up hydrocyanic acid and pass into the nitriles ot hydrazido-acids 
(B. 25 , 2020). 

Formaldehyde differs irom the higher homologues in that with phenylhydra¬ 
zine it yields— 

Trimeihylene Phenylhydraxine, (CgHBNa)j(CHg)„ b.p. 183-184® (B. 29 , 1473; 
R. 777). 

FormaloMine, (Cn*==N—is a white amorphous powder insoluble 
in water. Fofmalhydrazine, (CHj: N.NH,)* is a water-insoluble powder, 
which gives a double compound with silver nitrate (CHarNNIIalg.zANOgi. 
It results under various conditions from formaldehyde and hydrazine hydrate 
(B. 26 , 2^bo ; 40 ,1505). 

Eihylidene Azine, CHgCH :'N.N: CHCHg; b.p. 95“ (J- pr* Ch. [2] 58 325)- 

2B. olefine aldehydes, CnHa„_,.CHO 

The unsaturated aldehydes, having a double carbon bond, bear the 
same relation to the olefine alcohols (p. 123) that the saturated alde¬ 
hydes sustain to their corresponding alcohols. Their aldehyde 
group shows tlie same reactive power as the group in the ordinary 
ddehydes, but the presence of the unsaturaled residue, CnHgn-i, 
gives rise to addition-reactions similar to tliose shouia by the olefoies, 
a) 3 - 01 efine aldehydes result from the following special methods : 

(1) By the condensation of aldehydes of the formula KCIIj.CHO by zinc 
chloride, hydrochloric acid, etc., during which water is split off fiom the aldol 
nrst formed. 

2CH,CH0- > CIIsCHOH.CHjCHO-CH 3 CH : CHCHO 

Acetaldehyde. Aldol. Crotan Aldehyde. 

(2) From glycerol (see Acrolein) and from the dialkyl ethers of homologous 
glycerols, by heating with anhydrous oxalic acid, accompanied by the expulsion 
of water or alcohol, similarly to the formation of paraffin aldeliydcs from ethylene 
glycol ethers (p. 192 ; A. chim. phys. [8] 9 , 560) 

—CjjIKOH —CjHgOH 

C,HjOCHg.CR.OH - > CgHgOCHgCHR->• CH,=CR 

c!h,.oc,h, c'ho (!:ho 

AoroleYn, CH2: CH.CHO, b.p. 52°, Dgo = 0-8410. is produced by 
the oxidation of allyl alcohol and by the distillation of glycerol or fats 
(i pt.) with potassium bisulpliate (2 pts.) (B. 20 , 3388; A. SpL 3 , 180; 
C. 1900, 1 . 962 ; B. 35 , 1137), or with boric acid (B. 32 , 1352; C. 
1905, II. 302); and also by the decomposition of fats by heat: 


CH.OH 

CHOH 

CHO 

CHO 

• 

—H,0 »- •• 

' — HoO 

1 

CHOH 


X. r^tr s. 

CH 


^ wilt ^ 

CH,OH 

CH,OH 

CH.OH 

CH| 


Acrolein is a colourless, mobile liquid, and has an intolerably 
pungent odour. It is soluble in 2-3 parts water, ?nd reduces an 
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amm oniaral silver solution, with formation of a mirror-like deposit ; 
when exposed to the air it becomes oxidized to acrylic acid. It does 
not combine with primary alkali sulphites. Nascent hydrogen converts 
it into allyl alcohol (p. 123). 

Aerole'in Acetal, CH|: CH.CH(OC,H,),. b.p. 123”, is formed by the action of 
powdered potassium hydroxide on chloropropionaldehyde acetal, which is pre¬ 
pared from acroleiia by means of alcohol and hydrochloric acid (B. 31 , 1797) (see 
Glyceric aldehyde). 

Phosphorus pcntachloride converts acrolein into dichloropropylem, CHg:- 
CH.CHClj, b.p. 84®. With hydrochloric acid it yields p-chloropropionaldehyde 
(p. 203). With bromine it yields a dibromide, CHg.Br.CHBr.CHO, which 
becomes converted into glyceric aldehyde when he&ted with water, and into 
ap-dibromopyopionic atid upon oxidation with nitric acid. Barium hydroxide 
solution converts it into a-acrose or fructose {q-v.) (B. 20 , 3388). 

When kept for some length of time, acrolein passes into an amorphous, white 
mass (disacryl). On warming the HCl compound of agroleln (see above) with 
alkalis or potassium carbonate metacrolein, m.p. 45®, is obtained. The vapour 
density of this agrees with the formula (CsH40)j|. 

Ammonia changes acrolein into acrolein-ammonia^ 2CaH40 -|-NHs=C4H4NO + 
HfO. This is a yellowish mass which on drying becomes browm, and forms 
amorphous salts with acids. It yields piedhne, C5H4N.CH3 (7.W.), when 
distilled. Hydrazine changes acrolein to pyrazoline, and phenylhydrazine 
converts it into i-phenylpyrazoline (B. 28 , R. 69). 

Crotonaldehyde, CH3.CH : CH.CHO, b.p. 104®, D = i’033 (Kekuld, 
A. 162 , 91), is obtained by the condensation of acetaldehyde (p. 199) 
from the primarily formed aldol by heating it with dilute hydrochloric 
acid, with water and zinc chloride, or with a sodium acetate solution, 
to 100® (B. 14 , 514; 25 , R. 732). When aldol is heated or treated 
with dilute hydrochloric acid it loses water and becomes converted 
into crotonaldehyde (p. 197 ; C. 1907, L 1400). 

Crotonaldehyde is a liquid with an irritating odour ; it becomes oxidized by the 
air to crotonic acid, and it reduces silver oxide (B. 29 , R. 290). It combines with 
hydrochloric acid to form p-chlorobutyraldehyde (p. 203) ; on standing with 
hydrochloric acid it unites with water and becomes aldol. Iron and acetic acid 
reduce it to crotonyl alcohol, butyraldehyde and butyl alcohol. 

When the alcoholic solution of acetaldehyde-ammonia is heated to X20®, 
Crotonal-ammonia, Oxytetraldinet CgHjsNO, is produced. It is a brown, amor¬ 
phous mass. When heated it breaks up into water and cdlidine, G4HsN(CH4)4, 
a pyridine derivative (Vol. II.). 

Tiglio Aldehyde, Guaiol, CHsCH=C(CH,).CHO, b.p. 116®, may be obtained 
by the distillation of guaiacol resin, and by the condensation of acetaldehyde and 
propaldchyde. 

Methyl Ethyl Acrolein, CtH5.CH:C(CHg).CHO, b.p. 137®, is produced by 
the condensation of propionaldehyde (p. 201). 

a-Propyl Acrolein, b.p. 117®, Isobuiyl Acrolein, b.p. 133®, and Amyl 
Acrolein, b.p.,j 59°, CHjiCR.CHO, are prepared from the respective glycerol 
ethers (method of formation 2, p. 214). • 

Cltronellal and its isomer Rbodinal are olefine aldehydes, and Geranlal 
or Citral belongs to the class of diolefine aldehydes. These will be duly con¬ 
sidered under the olefine terpenes (Vol. II.). . 

2C. Acetylene Aldehydes, CnHin.g.CHO. Propargylfc Aldehyde, CH • C.CHO, 
b.p. 59 ®. is produced when the acetal, CH-C.CHiOCjHg),, b.p. 140®. formed 
from dibromacrolcln acetal and alcoholic potassiunf hydroxide, is boiled with 
dilute sulphuric acid. It is a very mobile liquid, which provokes tears. Its 
silver salt is very explosive. Sodium hydroxide at the ordinary temperature 
decomposes propargylic aldehyde instantly into acetylene and sodium formate • 
CH:C.CHO-hNaOH«CH:CH-hNaO.CHO {Claisen, B. 81 , 1021). 

Homologous^ acetylene aldehydes or their acetals are obtained from the 
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sodium or magnesium haloid salts oi acetylene (pp. 88, 184) by the addition ol 
formic or orthoformic esters (mode of formation No. g, of the aldehydes, p. X92 ; 
C. Z904, 11 .187): 

RC^Na+HCOOCjH, -> ^ RC=C.CHO. 

R(SCMgI+HC{OC,H,), —> RCe=C.CH(OC,hI),* —> RC=C.CHO. 

Amyl Propiolic Aldehyde^ CjHuCSC.CHO, b.p.g, 89®, Acetal, b.p.|| no*, 
and Hexyl Propriolic aldehyde, C,Hi,C=C.CHO, b.p.13 91®, Acetal, b.p.|g 127®, 
arc prepared in this way from oenanthylidene and caprylidenc, respectively. 

These acetylene aldehydes do not yield the anticipated oximes and hydra- 
zones with hydroxylamine and hydrazine, but their internal condensation com^ 
pounds, such as isoxazole and pyratole (B. S6, 3665 ; C, 1904, II. 187): 

I 1 NHjOH NHjNHg I 1 

CH:CH.CH:N6 < -CH^.CHO-^ CH:CH.CH:N.NH. 

Isoxazole. Propiolic Pyrazole. 

Aldehyde. 


< 

3 A. Ketones of the Saturated Series, Pa]:affin Ketones, CnH2nO 


In the introduction to the aldehydes and keton^ (p. 189) attention 
was directed to the great similarity between these two classes of com¬ 
pounds, which finds expression in their most important methods of 
formation and in their transposition reactions. It was also stated 
that two different kinds of ketones were known : 

1. Simple ketones, containing two similar alkyl groups. 

2. Mixed ketones, having two different alkyl groups. 

Methods of Formation, —(i) Oxidation of secondary alcohols, whereby 
the =CH.OH-group is converted into the =CO-group (p. 190). 


(2) From such derivatives as oximes, hydrazones, semicarbazones, ketonic 
chlorides, comparably to method 6 for the aldehydes (p. 192): 

H,0 

(CH,),CCl3-^ [(CH3),C.(0H)J-^ (CHa)3CO. 

100 


(3) The transformation of di-primary, primary-secondary and primary- 
tertiary glycols and ethylene oxides into aldehydes by means of hydrochloric 
or sulphuric acids (method 7, p. 192) corresponds with the change of secondary- 
tertiary and di-tertiary glycols into ketones (C. 1906, II. 670): 

H.SO 4 

(C,H,),C(OH).CH{OH)CH,-^ (C,H,),CH.COCH3 

niethylmethyl Ethylene Glycol. Unsym.-Diethylacetone. 

The change of di-tcrtiary glycols, known as pinacones, into ketones or pina- 
coUnes is accompanied by the migration of an alkyl group. The simplest of 
the di-tertiary glycols is Teiramethyl Qlycol, or Pinaco 7 ie, from which the abstrac¬ 
tion of water should produce tetramethyl ethylene oxide. Instead, this sub¬ 
stance becomes rearranged internally to form the simplest pinacoltne terti-buiyl 
methyl ketone :— 


(CH 3 ) 3 C(On) 


‘ /(CHsl.Cv X 

-> ( \ yo ) —^ (ch 3 ),c.co.ch,. 


Tert.>Butyl MeVbyl Ketone: PinacoUne. 


(CH 3 ),C( 0 H) ^(CH3),C' 

Tetramethyl Ethylene Glycol 
Pinacone. 

(4) By action of acids (B. 29 , 202) on the sodium salts of the mononitro- 
paraifins (pp. 150,151), in^vhich the nitro-group is attached to a terminal carbon 
atom; 

2 (CH 3 ),C : N 00 Na-haHCl- 2 (CH,),C 0 -l-N, 0 + 2 NaCl-i-H 30 . 


(5) By hydrolysis of the ethers of aj 9 -olefine alcohols (p. 129); C. 1904, 1 .7x9): 


dilute 

C3Hu.COCH,-hCH3pH. 


C|HuC(OCH»): CH, 
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Nucleus-synihetic Methods of Formation^ —(6) By the distillation of 
calcium or barium acetates and their higher homologues. Such a 
salt, when heated alone, }rields a simple ketone, but a mixture of 
equimolecular quantities of the salts of two acids results in the 
formation of mixed ketones (p. 190}. 


In the formation of ketones with high molecular weight it is best to carry 
out the distillation under diminished pressure. Some normal fatty acids yield 
ketones on treatment with PiOj (B 26 , R 495) 

Recently it has been recommended to distil the acids with calcium carbide 
(B 39 , 1703) 

(7) By the electrolysis of a mixture of the potassiun! salts of a keto-carboxylic 
and a fatty acid: 


CH,C 0 |C 0 ,K 

CHaCOjK 


CHjCO 




% 


CHaCOCHaCH^COjK 

CHaCOjK 


CHsCOCHtCHt 

^ . iH. 


(8) By the action of the zinc alkyls on the acid chlorides 
(Freund, i860). 

Ihe rtciction is similar to that occurring m the formation of the tertiary 
alcohols (p 105) At first the same mtermediate product is produced (A. 176 , 
361, 188 , lOj). 

CH3V ^ZnCH, 

CHaCf +Zn(CHa), = 

^ci CH3/ 

which (with a second molecule of the acid chloride) afterwards yields the ketone 
and zme chloride * 

CHgv /OZnCHj 

>C< +CHa COCl - 2CH, CO-CH.+Zna*. 

cii/ \:i 

In many cases, cspeciajly in the preparation of the ordinary ptnacohne from 
tnmethyl aidyl chloride and zinc methyl, it is preferable to decompose 
immoiiuitely the addition pioduct of zinc methyl and acid chloride with water, 
when the zinc hydroxide uiil be converted by the hydrochloric acid into zinc 
chloiide; 


Cn,v .OZnCH, 

CH / = CH, CO CH*+Zn(OH)j+HCl+CH4. 

(9) By the action of alkyl magnesium halides, ketones as well as aldehydes 
(mode of formation 9, p. 192) can be prepared, (a) by their action on nitnles, and 
(0) on acid amides (C. 1902, I 299, 1903, II. riio) * 

R R 

(а) RC^H-R'MgI== \:=NMgI-r-> \:«0 

R'/ R'/ 

(б) RCONHj+zR'Mgl- 

(10) By the action of diazomethane (p. 213), the aldehydes can be converted 
into alkyl methyl ketones (B. 40 , 481): 

, CJH^COH-fCHjN.-CeHuCO.CH.+N,. 
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(iz) By the action of anhydrous ferric chloride on the acid chlorides. 
Hydrochloric acid is set free, and chlorides of ) 3 -ketone-carboxylic acids are 
produced. From these water liberates the free p*kctone>carboxylic acids. The 
latter break down readily into carboip dioxide and ketones ; 


CH, CHa 

Fe.a- • H,0 • -COj 

2 C,H,C 0 C 1 -^CjHjCO.CH.COCl-^CjHjCO.CH.CO.H- 

(12) Degradation Methods of Formation .—By the oxidation of dialkyl acetic 
acids, and the a-hydroxydialkyl acetic acids corresponding with them ; the latter 
are simultaneously formed as intermediate products in the oxidation of the former 
compounds, e.g,: 

(CH.lgCH.COjH {CH3)8C(OH).COaH —(CHa),C 0 +C 0 , 4 *H, 0 . 

(13) By the breaking down of ^-ketone-mono- and dicarboxylic acids— e.g. : 

CH,GO.CH,.CO,H- 

Acetoacetic Acid. 

CO,H.CHaCOCHj.CO,H-< 

Acetone Dicarbozylic Acid. 

Compare acetoacetic ester, and also its homologucs. such as acetone di- 
carboxylic acid. Acyl acetoacetic acid breaks down in a similar way, forming 
ketones, as well as carboxylic acids, with liberation of CO3 (C. 1903. 1 . 225): 


>-^jCH,COCH,. 


CH,CO.CHCO,H H,o CH|COOH-fCH,-l-CO, 

I -> I 


RCO 


RCO 


The ketones are produced in the dry distillation of citric acid, 
sugar, cellulose (wood), and of many other carbon compounds, so that 
they are found in coal and coal-tar (B. 36 , 254, 2713), 

Nomenclature and Isomerism. —The term ketone is derived from 
the simplest and first discovered ketone— acetone. The names of the 
ketones are obtained by associating the names of the alkyls with the 
word ketone — e.g. dimethyl ketone, methyl ethyl ketone, etc. 

A. Baeyer regards the ketones as keto-substitution products of the hydro¬ 
carbons, and the group CO, uniting two alkyl groups, he terms the keto-group. 
As one carbon atom in the name ketopropane would,* in consequence of this 
suggestion, be twice designated. KekuU has suggested that the oxygen linked 
doubly to carbon be called ** 0x0 "-oxygen. Then acetone, CHjCOCH,. would 
be a-oxopropane, propionic aldehyde, CHj.CHj.CIIO, would be i-oxopropane. 
The “ Geneva names " are obtained by adding the suffix " one " to the name of the 
hydrocarbon: acetone is called [Propanone], and methyl ethyl ketone is 
[Butanone]. 


As there is a ketone for every secondary alcohol, the number of 
isomeric ketones of definite carbon content is equal to the number of 
possible secondary alcohols containing the same number of carbon 
atoms. The simple ketones are isomeric with the mixed ketones having 
a like carbon content. The isomerism of the ketones among them¬ 
selves is dependent upon‘the homology of the alcohol radicals united 
with the CO-group. (Consult the isomerism of the aldehydes (p, 193) 
for the isomerism of tne ketones with other compounds.) 

Properties and Reactions. —The ketones are neutral bodies. The 
lower members of the series are volatile, ethereal-smelling liquids, 
whilst the higiivt members are solids. 

In enumerating the reactions of the ketones, it will best to examine 
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acetone, the most important and most thoroughly investigated member 
of this class of bodies. 

I. Ketones differ chiefly from* aldehydes in their behaviour when 
oxidized. They are not capable of reducing an alkaline silver solution, 
and are not so easily oxidized as the aldehydes. 

Wlien the more powerful oxidants are employed, the ketones almost 
invariably break down at the union with the CO-group—carboxylic 
acids are produced, and in some cases ketones with a lower carbon 
content: 

o 

CHa.CO.CHB- > CHa.COaH and H.COaH ^- > CO.+HaO 

CaHs.CO.CaHa- >■ CjHB.COall and CHa.COaH. 

In the case of mixed ketones, when both alcohol radicals are primary in 
character, the CO-group docs not, as was formerly supposed, remain exclusively 
with the lower alcohol radical, but the reaction proceeds in both possible 
directions, e.g,: 

CHaCHa.CO.CHaCHa 

- - ^ - ^^- 

When a secondary alcohol radical is present it splits off as ketone, and is then 
further oxidized, whilst with a tertiary alcohol radical the CO-group remains com¬ 
bined as carboxyl. 

The direction in which the oxidation proceeds is dependent less upon the 
oxidizing agent than upon the oxidation temperature (A. 161 , 285; 186 , 257; 
B. 15 , 1194: 17 , R. 315 ; 18 , 2206 , R. 17S ; 25 , U. 121). 

It IS remarkable that pinacoh^ie (p. 21O) is successfully oxidized by potassium 
permanganate to the corresponding a-ketone-carboxylic acid of like carbon 
content; tnmeihyl pyroracemte acid : 

(CHa)sC.CO.CH,-(CHa)3C.CO.CO,H. 

Pinacolmc. Tnmcthyl Pyroracexmc Add. 


__^CH3.COaH and COaH.CHaCHaCH, 
• Sk iCH .CH ..CO.H 


Hydrogen peroxide changes acetone into a peroxide (p. 224) which breaks 
up into aceiol^ CHaCOCHaOH, and pyroraccmic acid, CHaCO.COOH (C. 1905. 
II. 2 T 2 ). 

2. Concentrated nitric acid converts the ketones in part into dinitro-parafiins 
(P- 154): 

HNO3 

.(CaHa)aCO -^ CnaCH(NOa), 

(CHsCHaCH8)aCO-CHa-CH.CHCNOa)* 


a-Diketoncs may be formed at the same time if the ketone be suitably con- 
slitultU, ifcopiopyl jsobutyl ketone (C. 1900, II. 124). 

3. Anijl nitiite, in the pnsence of sodium ethoxiUe or hydrochloric acid, 
converts the ketones into isomtroso-ketones : 


CaHjiNOj, 

CHB.CO.CHa-^ CHa.CO.CH(NOH) 

CHsCO.CHj.CHa- >• CH3.CO.C(NOH).CHa. 


As monoximes of a-keto-aldehydes, or a~diketoned^ the isonitroso-ketones will 
be considered later in connection with both these classes of compounds. 

4. Ketones, containing the carbonyl group next to a methyl or methylene 
group, are acted on by nitrous oxide in prcsenccof sodium ethoxide, and form 
the sodium salt of di-isonitramine ketones. These are decomposed by water 
into a carboxylic acid and the sodium salt of a dt-isontiramtne alkylene (p. 154; 

A. 800 , 95 ): 


CHa> 

CH, 


IV HNO xNaOtNa H .0 / 

>CO - CHaCO.CHC - > 

/ aCaUaOf^a ^N.OaNa > 


NaO|Na 

'N«0«Na 


5* By the action of carbon disulphide and alkali hydroxide on ketones of tha 
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formula RCH^COCHaR, there are produced orange-red coloured acids, probably 
of the following gene^ formula (B. 38 , 28""' 

Many of the addition reactions possible with ketones are due, as in 
the case of the aldehydes, to the ready destruction of the double union 
between carbon and oxygen. These reactions are partly followed, 
even with the ketones, by an immediate separation of water. 

6 . Nascent hydrogen (sodium amalgam, or electrolytic hydrogen, 
C. 1900, II. 795), converts the ketones into secondary alcohols (p. 105), 
from which they are produced by oxidation. Pinacones, or ditertiary 
glycols, are simultaneously formed (p. 216) : 

(CH,)XOH 

(CH5),CO+2H = (CH,),CH.OH ; 

7. The ordinary ketones, like the ordinary aldehydes, do not combine with 
water, but when containing numerous halogen atoids, they unite with 4H1O and 
2H1O, terming hydrates. 

8. The ketone derivatives, corresponding with the acetals (p. 205), are produced 
when the ) 9 -dialkoxycarboxyiic acids, RC^OCjHjliCHaCOjH, lose COj, and 
by the interaction of ketones and orthoformic ester; or in general from imido- 
ether hydrochlorides and alcohols (Claisen, B. 81 , 1010; B. 40 , 3021). 

9. The ketones resemble the aldehydes in their behaviour— 

a. with hydrogen sulphide ; 

h. with mercaptans in the presence of hydrochloric acid. 

The products are polymeric thioketones (p. 225), and the mercaptols, e.g., 
(CHs),.C(SCjH,)„ corresponding with the mercaptans (p. 209). 

10. The ketones, unlike the aldehydes, do not combine with the acid anhy¬ 
drides. 


11. Only those ketones, which contain a methyl group, form 
crystalline compounds with the alkali bisulphites. These, like the 
corresponding aldehyde compounds, can be considered as salts of 
sulphurous acid esters : 

(CH,),CO +NaHSO,=(CH,),C<g^ 0 ^jja 

These double salts are very suitable for the isolation and puri¬ 
fication of the ketones, which can be liberated from them by dilute 
sulphuric acid or a sodium hydroxide solution. 

12. Behaviour of ketones with ammonia, hydroxylamine ^r\.i.phenyU 
hydrazine, (a) Acetone behaves differently towards ammonia from the 
aldehydes. .Nucleus-synthetic reactions occur, with the formation of 
diacetonamine and iriacetonamine (p. 230). Homologous ketones, 
however, react with ammonia according to the equation (C. 1905, 
IL 540; 1907, I. 810): 

3RjC0V2NH,«(R,C=N)*CR,+3H,0. 

With hydroxylamine, however, the ketones, like the aldehydes 
(p. 196), yield (&) ketoximes (p. 227), {c) with phenylhydrazine they 
form hydrazones (p. 228), and (d) with semicarbazide they give 
semicarbazones (p. 228). 

13. When phosphorus trichloride acts on acetone in the presence of 
AlgCla, hydrochloric acid is set free, and there results the compound 

pa—o 

, in-i/-” • ’ ^*^ 3 : 18,898). 


qH,.co. 
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14. Phosphoms pmlaMoriie, phosphorus trichhro-dibromide, and 
phosphorus pentabromide replace the oxygen of the ketones by two 
chlorine or two bromine atoms. 

This reaction can be employed for the preparation of dichloro- or dibiomo- 
paraffins in which an intermediate C-atom carries the two halogen atoms. As 
these ketone chlorides readily exchange their chlorine for hydrogen, they constitute 
a means of converting the ketones into the correspondmg paraffins (p. 74), 

15. The hydrogen atoms of the alkyl groups present in the ketones can be 
replaced by chlorine and bromine, 

z6. Bolling with acid chlorides, especially benzoyl chloride, converts many 
ketones into esters of the isomeric ap-olehne alcohols (p. 124), RC(O.COCaH|): 
CHR'. , 

17. Unlike the lower members of the aldehyde series which easily 
undergo polymerization, the ketones never do this. Compared with 
aldehydes the ketones possess a symmetrical structure. 

Nncleus-syntheiic Reactions of the Ketones. —Reactions of this class were ob¬ 
served in the action of ammonia and of phosphorus trichloride on acetone 
in the presence of aluminium chloride (comp. 12 and 13). The following are. 
however, more important:— • 

(z) Just as two aldehyde molecules condense to aldol, so aldehyde or chloral 
will unite with acetone, forming hydracetyl acetone and inchlorohydtaceiyl acetone 
(?•»•): 

CH,.C<°+CH,.CO.CH,=CH,.CH<°"^ J.Q 

Acetone will also condense with other aldehydes.— e g., benzaldehyde. But 
it is impobsible to obtain the ketone-alcohols which form at first. There is a loss 
of water, and unsaturated derivatives are produced, just as m the condensation of 
two molecules of aldehyde to form crotonaidehyde. Thus, two molecules of acetone, 
in the presence of ZnCl,.HCl, or H2SO4, unite directly, with the elimination of 
water, to form mesxtyl oxide (p. 229), which in turn condenses with a third 
molecule of acetone to form phorone (p. 229). 

(CH,),CO+CH,.CO.CII, = ^y»>C=CH.CO.CH,+H, 0 . 

Mesityl Oxide. 

CH,>c=CH.CO.CH,+CO(CH,), = ^h*>C-CH.CO.CH=C<:^|{*+H,0, 

* * Phorone. 

(2) Acetone and other ketones, having a suitable constitution, change 
into symmetrical trialkyl benzenes, under the influence of concentrated 
sulphuric acid. It is very probable that there is an intermediate 
formation of alkylated acetylenes (p. 89). Acetone yields mesiiylene: 


CH, CH, 



Aoetona. AUylene Mcsitylcne. 

(3) Acetone condenses, in presence of lime or sodium ethylate, to 
isopl^rone, a trimethyl cyclo-hexenone (y.t;.). • 

A sodium hydroxide solution at o* caused two molecules of acetone to condense 
to diacetone alcohol^ (CH2)jC(OH).CH,COCH2. 

(4) The ketones, like the aldehydes, unite with hydiocyanic acid to form 
hydroxycyanides or cyanhydnns, the nitriles of the a~hydroxy-actds. They will 
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be described after the a-hydroxy-acids, into which they pass when treated with 
hydrochloric acid: 

HNC HCl cc\ W 

(CH,),CO -(CH,).C<^”-{CH.)..C<gS*“ 

* a'Hydroxyisobutyrio Acid. 

(5) Acetone, in the presence of sodium hydroxide, combines with chloroform, 
yielding acetone chloroform, which is a derivative of a-hydroxyisobutyric acid; 
the latter can be obtained from it: 

(CH,),CO -(CH,),C<g“* -^ (CH,),C<:g 5 «H 

Acetone Chloroform. a-Hydroxyisobutyrlc Add. 

(6) Nascent hydrogen fonverts the ketones not only into secondary alcohols 
(p. 106), but also into pinacones, or di-tertiary glycols (p. 220): 

Acetone, Dimethyl Ketone [Propanone], CH3.CO.CH3, m.p. —94® 
(B. 33, 638), b.p. 56*5®, D20 = 07920, is isomeric with propion- 
aldehyde, propylene oxide, trimethylene oxide, and allyl alcohol. It occurs 
in small quantities in the blood and normal urine, whilst in the urine of 
those suffering from diabetes it is present in considerable amount, due, 
apparently, to the breaking down of the acetoacetic acid formed at 
first. It is also produced in the dry distillation of tartaric acid, citric 
acid {q-v.), sugar, cellulose (wood), and is, therefore, found in crude 
wood spirit (p. 109), Technically it is prepared by the distillation of 
calcium acetate, or from crude wood spirit. 

It is also formed : by the oxidation of isopropyl alcohol, isobutyric acid, and 
a-hydroxyisobutyric acid ; by heating chloracetol and broinacetol, CH3CBr,CH5, 
with water to 160-180'’; and j8-chloro- and jS-bromopropylenc, CHaCBr—CHj, 
with water at 200°. 

It would naturally be expected that an alcohol, CH3.C(OH): CHg, would lie 
formed, but a transposition of atoms occurs and acetone results (sec p. 36). 
Acetone is 5?imilarly formed from allylcne, CH j.C • CH, by action ol sulphuric acid 
or IlgBr, in the presence of water (p. 8g). 

It results, further, in the action of zinc methyl on acetyl chloride; and, 
accompanied by diacctyl, by the electrolysis of a solution of pyroracemic acid and 
potassium acetate (B. 33 , 650. Acetone is also formed from a-bromoisobutyric 
amide by bromine and alkali (C. 1905, I. 1219); 

zKOH 

(CHj),CBr.CONHBr - > (CH,)jCO-fNH‘,-|-2KBr+CO,. 

(See also the general methods of formation of the ketones, pp. 216, 217.) 

Acetone is a mobile, peculiar-smelling liquid, and is miscible with 
water, alcohol, and ether. Calcium chloride, or potassium carbonate, 
throws it out from its aqueous solution. 

It is an excellent solvent for many carbon compounds, and for many 
inorganic salts such as potassium permanganate, etc. (B. 37 ,4328). Its 
most important reactions were described under the reactions of 
the ketones (p. 218), as\^ell as its behaviour towards nascent hydrogen, 
oxidizing agents, amyl nitrite, hydrogen sulphide, mercaptans and 
hydrochloric acid, alkali bisulphites, ammonia, hydroxylamine, phenyl- 
hydrazine, phosphorus pentachloride, halogens, condensation agents, 
hydrocyanic acid, chloroform, and potassium hydroxide. (See )8-AlIyl 
Alcohol, p. 124, for the action of sodium on acetone.) 

Acetone is used in the preparation of sulphonal (p. 226), chloroform 
(p. 245), and iodoform (p. 246); the production of the latter serves for 
its detection (B. 18» 1002 ; 14, 194S ; 17, R. 503 ; 29, R. 1006). (For 
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other such reactions, consult B. 17, R. 503 ; 18, R. 195 ; A. 888,143.) 
Acetone can be quantitatively determined by means of mercuric 
sulphate (B. 82,986); also by heating it with mercuric acetate, whereby 
acetone-mercury substitution compcmnds are produced (B. 86, 3699). 
Mercuric oxide dissolves in a weakly alkaline aqueous solution of 
acetone, forming the compound 2C3H80.3HgO which by boihng with 
alkdis changes to the insoluble Acetone Mercarbide, CH8C0CHg802H 
(B. 88, 2677). 

Homologues ot Acetone.— (a) Simple Ketones are usually prepared by the dis- 
tillation of the calcium or barium salts of the corresponding fatty acids. 


Name. 

Diethyl Ketone, Propione [3-Pcntanone] 
Di-n-Propyl Ketone, Butyrone . 
Di-isopropyl Ketone, Tetramcthyl Ace¬ 
tone . 

Di-isobutyl Kttonc, Isovale^io-t^e 

n-Caprone. 

Tetraethyl Act tone. 

CEnantlione. 

Capiylone. 

Capiinone . . • .. 

Lauione. 

Myristone. 

Palm it one. 

Stcarone. 


torniuA. 

M. P. 

B. P. 

CO(C,H,), 


103® 

CO(C,H,). 


144® 

CO[CH(CHa)a]8* 


124® 

COLCHa(Tl(Ula)Ja 




l4-b® 

226® 


— 

203® 

CO(C,H,3), 

30“ 

263® 

co((.aT„), 

40® 


CO(( 

48® 


CO(C„H„), 

09® 


^ Oft IsHn,), 

70® 


^ 0(L ] jH.j). 

83" 


CO(C„!I,J, 

S8® 



Diethyl Ketone is produced fiom carbon moiiOMde and potassium ethyl (p. 184). 
Tetramethyl and Tetraethyl Acetone have been obtained as decomposition 
products ot peniamethyl and pentacihyl phlorogliici 77 ol, when these bodies were 
oxidized by air (B. 25 , R. 504). 

(6) Mixed Ketones. Most of the members of this class are made by the 
distillation of the barium salts ot the corresponding fatty acids with barium 
acetate (p. ^17). 


Name. 


Formula. 


M. P. B. P. 


Methyl Ethyl Katone [ButanoncI . . 

Methyl Piopyl Ketone [2;*Pcntanone] . 
Methyl Isopropyl Ivctone [Methyl Buta- 

nonc]. 

Methyl sec.-Bulvl Ketone .... 
Pinacollne, Methyl tert.-Butyl Ketone 
Methyl CEnanthone Methyl Hexyl Ke¬ 
tone . 

Methyl Heptyl Ketone. 

Methyl Nonyl Ketone. 

Methyl Dccyl Ketone. 

Methyl Undecyl Ketone from Laurie 

Acid. 

Methyl Dodecyl Ketone. 

Methyl Tridecyl Ketone from Myristic 

Acid. 

Methvl Tetradecvl Ketone .... 
Methyl Pentadecyl Ketone from Pal¬ 
mitic Acid. 

Methyl Hexadecyl Ketone from Mar- 

garic Acid. 

Methyl Heptadecyl Ketone from Stearic 
Acid. 


CH3.CO.CtH5 

CHj.CO.CaH, 

CH5.CO.CH(CH,)a 
CH3.CO.CTl8Cn{( II3) 
CH3.C0.C(CH3)3 

CHj.CO.C.Hja 

CHg.CO.CyHja 

CHj.COC'aH,. 

CHa.CO.CioHj, 

CH 3 .C 0 .C,,W« 

CHj.CO.Ciallja 

CHa.CO.C^ITj, 

CHa.CO.C^IIg, 

CHa.CO.CiaHa* 

CHa.CO.CiaHaa 


CHa.CO.C^Haa 



81® 

— 

102® 

. 

q6® 


116® 

— 

106® 

— 



193 

-f 13" 

225“ 

21® 

247* 

28® 

263® 

34 “ 

(207®) 

39” 

(224®) 

4 ^“ 

(231*) 

48® 

(244*) 

52" 

(25**) 

55 * 

(265*) 
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The boiling points, inclosed in parentheses, were determined under too mm. 
pressure. 

Methyl Ethyl Ketone occurs in crude wood spirit. Methyl s^c.-Buiyl Ketone 
results from the interaction of methyl-acrylic ester, CHi;C(CHj).CO,R, with two 
molecules of magnesium methyl iodide (C. 1907, 1 . 559). Methyl Hexyl Ketone 
is obtained from oenanthol and diazomethane (mode of formation 13, p. 218), 
PInacollne is obtained by the withdrawal of water from the pinacone, 
tetramethyl ethylene glycol, (CH,)aC(OH).C(OH)(CH8)2. and from trimethyl 
acetyl chloride and zinc methyl (p, 217). When oxidized with chromic acid, it 
breaks down into trimethyl acetic and formic acid. Potassium permanganate 
converts it into trimethyl pyroracemic acid {q,v.). It is converted by 
iodomethane and alkali into Pentamethyl AceUnie (CHs)9C.COCH(CHa)3, b.p. 
134* (A. 810 , 325). Reduction produces pinacolyl alcohol (p. 122). For further 
changes, see C. 1906, 71 . 496. Homologous pinacones yield homologous 

pinacolines;thusAftf/Ay/JS’fAy/P*Mac<>«#,^^*>C(OH),C(OH)<CQ^ » yields Ethyl 

(CH,)9X 

tert,^ Amyl Ketone, 7C.CO.CjHg, b.p. iso*. 

Methyl Nonyl Ketone is the chief constituent of oil of rue (from Ruta graven 
olens), from which it may be extracted by shakihg with concentrated sodium 
bisulphite solution (C. 1902, I. 744). Meth'^’l Heptyl Ketone occurs in the 
same oil (C. 1901. I* 1006 ; 1903, I, 29 ; B. 86, 3587). 

Acetone Peroxide. Two cyclic acetone peroxides are known. Cyclo^diacetone 

Peroxide (CHs)aC<^ Q>C(CHg)t, m.p. 132*, is prepared by the action of HjSOg 


(Caro'sacid) on acetone (B. 88,858). Cydo-triacetone Peroxide (CjHjO,),. m.p. 97*. 
is obtained from acetone and hydrogen peroxide, with special case when in the 
presence of hydrochloric acid. It is insoluble in water, but soluble in benzene 
and in ether. It forms beautiful crystals, and explodes when struck or suddenly 
heated (B. 28 , 2265). Methyl ethyl ketone and RjSOg produce Methyl Ethyl 
Ketone Peroxide (CjHjOg)j, a colourless oil, which explodes above 100® (C. 1907, 1 . 

944 )* 


I. HALOGEN SUBSTITUTION PRODUCTS OF THE KETONES, PARTICU* 

LARLY ACETONE 

Monochloraeetone, CHj.CO.CHjCl, b.p. 119*^1 is obtained when chlorine is 
conducted into cold acetone (A. 279 , 313), preferably in the presence of marble 
(B. 20 ,597); also by the electrolysis of a mixture of acetone and hydrocldoric 
acid (C. 1902, I. loi). Its vapours provoke tears. 

a-Dlchloraeetone, CHj.CO.CHCl,, b.p. 120®, is formed on treating warmed 
acetone with chlorine, and is also obtained from dichloraceto-acetic ester 
(B. 15 , 1165). jS-Dlehloraeetone, ClCH,.CO.CHjCl, m.p. 45®, b.p. 172-174®, 
is obtained by the chlorination of acetone and in the oxidation of a-dtchlorhydrin, 
CHgCl CH(OH).CHgCl [q.v.), with potassium dichromate and sulphuric acid. 

aym.-Tetraohioraeetone, CHCl,.C0.CHClj+2H,0, m.p. 48-49°, is obtained 
by the action of potassium chlorate and hydrochloric acid on chloranilic acid 
(B. 21 , 318) and triamidophenol (B. 22 , R. 666); or of chlorine on phloro- 
glucinol (B. 22 , 1478). ixnsyTDi.-Tetrachloracetone, CHgCl.CO.CClj, b.p. 183®, 
is produced by the actiod of chlorine on isopropyl alcohol (C. 1897, I. 28). 
Peniachloracelone, CHClg.CO.CClg, b.p. 193**, is obtained from chlorine and 
acetone (A. 279 , 317). 

Monobromaceione, CH,Br:CO.CHj, b.p., 31* (B. 29 , 1555 ; 81 , 2684). Penfe^ 
hromacetone, m.p. 74®, is produced from acetone dicarboxylic acid and bromine 
(C. 1899, I. 596)' Perhromacetone, CBrg.CO.CBrg, m.p. iio-xii®, is obtained 
from triamidophenol (B. 10 , 1147), and bromanilic acid (B. 20 , 2040 ; 21 , 244X) 
by means of bromine and water. 

lodoacetone, CHg.CO.CHgl, b.p.gi 58®, Is produced when potassium iodide 
in an aqueous methyl alcohol solution acts on monochloraeetone (B. 29 , 1557). 
It is a heavy oil with an intolerable pungent odour. 
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jS-Dl-lodoacetone^ CHal.CO.CHgl, results when iodine chloride acts on 
acetone. 

B^Chlorisobutyl Methyl Ketone^ (CHj|),.CCl.CH|.CO.CHap and Di-B~chloriso- 
butyl Ketone, (CH5)»CCl.CH,.CO.CHsCCi(Cfl3)a, are the readily decomposable 
addition products of mesityl oxide and phorone with hydrochloric acid. o>-Bromo~ 
butyl Methyl Ketone, sec Acctobutyl Alcohol. 

y-Dibromoketones are prepared from the oxetones {q.v.) by the addition of 
zHar, e.g. y-Dibromobutyl Ketone, (CHsCHBr.CH,.CHj)jCO, is formed from 
dimethyl oxetone and 2HBr, or by the addition of 2HBr to diallyl acetone (p. 232) 
a-Dichhrokeiones are discussed with the diketones. 


2 . ALKYL ETHERS OF THE ORTHO-KETONES 

The ketones may be regarded as the anhydrides of hypothetical glycols, which 
bear the same relation to the ketones that the orthocarboxylic acids do to the 
carboxylic acids. In this sense it is then permissible to speak of ortho-ketones. 
Their alkyl ethers, corresponding with the acetals, are produced by heating the 
/Ei-dicthoxy-carboxylic acids, and also from acetone by .means of orthoformic 
ester (Claisen, B. 31 , loxo): 

CH.vC(OCaH5)aCH,.COjH-V CHa.qOCaHJj.CHj-f-CO* 

CHa.'CO.CHa + HCCOCsHs)^-> CHa.C(OC,H5)aCII,-fHCOjC,H,. 

Orihoacetone Methyl Ether, (CH3)gC(OCH3)2, t) p. 83*. Orthoacetone Ethyl 
Ether, b.p. 114®, is a liquid with an odour resembling that of camphor. These 
substances are stable when pure, but water or a trace of mineral acid causes them 
to break down into ketones and alcohols. 

The ortho-e‘?tcr homologues of oithoformic esters react on ketones like the 
first member, and the same may be said of the imido-cther hydrochloride and 
alcohol mixture. Methyl Ethyl Ketone Orthoethyl Ether, b.p. 120®; Diethyl 
Ketone Orthocthyl Ether, bp. 15 , Di propyl Ketone Orthoethyl Ether, b.p.]] 70®, 

are prepared from acc timido-otlicr hydiochloride or phenyl acetimido-ether 
hydrochloride and alcohol (B. 40 , 3020). 


3. KETONE HALIDES 

are produced, as mentioned on p. 220, by the action of PCI3, PCl^Brj, and PBr^ 
upon ketonts. They easily give up the halogen in form of acid, forming halogen 
olefines (p. g6), ^^]lich in turn yu-ld acetylene, by the action of alkalis (p. 96). 

Acetone Chloride, Chloracetol, b.p. 70®; Dj,=-i'827. Brom- 

acetol, b.p. 114° ; = Mithyl Ethyl Dichloromethane, CHa.CClj.CjHj, 

b.p. qO®. Methyl Ethyl Dibromomethane, b 144®. Methyl tert.-But%l Dtchloro~ 
methane, CIJ., CCi2.C(Cll3)5, is produced from pinaCohne by PCI5 (comp. C. 1906, 
II. 40O). Heptachloropropanc, CHCla.CCIj.CCl3, m.p. 30°, b.p. 150®, is obtained 
iiom pcntachloracetone (A. 297, 314). 


4. KETONE BISULPHITES AND SULPHOXYLATES 

The addition compounds, which many ketones form with alkali bisulphites, 
comparably with the aldehydes (p. 207), are probably salts of acid sulphurous 
esters with ortho-ketones : 

CH CjH s'^'^^OSOaNa 

With alkali cyanides they yield hydroxy-acid nitriles (C, 1903, I. 1244). Reduc¬ 
tion produces ketone sulphoxylates, (CHs)aC(OH).GSONa. which arc also formed, 
together with bisulphites, from ketones and hydrosulphites (C. 1907, I- 855 )- 


5. SULPHUR DERIVATIVES OF THE SATURATED KETONES 

A. Thloketones and their Sulphones.—When hydrogen sulphide acts on 
a cold mixture of acetone and concentrated hydrochloric acid, the first product 

VOL. I. • Q 
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is a volatile body with an exceedingly disagreeable odour > which spreads with 
greit rapidity. It is probably thioacetone, which has not been further in* 
vestigated. The final product of the reaction is— 

yS yfC(CHj)| 

Trlthloaestone, (CH,),C<' .m.p. 24®. b.p.i, 130®. Potassium 

permanganate oxidizes it to— 

Trisulpkone Acetone, [(CHgliCSOsls, m.p. 302®. When distilled at the 
ordinary pressure it is converted into 

Dithioacetone, (CH,),C<^g]>C(CHa)„ b.p. 183-185®. This is also formed 

in the action of phosphorus trisulphide on acetone. It is converted, by oxida¬ 
tion, into— 

Disulphoite Acetone, [vCHs)sCSO|]„ m.p. 220-223®. 

Methyl ethyl ketone behaves similarly (C. 1903, 11. 281). 

B. Mereaptols and their Sulphones.—Although the ketone derivatives coi re¬ 
sponding with the acetals cannot be derived from ketones and alcohols by the 
withdrawal of water, it is possible to obtain the mereaptols —the ketone derivatives 
corresponding with the mereaptols —in this manner; but best, however, by the 
action of hydrochloric acid on ketones and mercaptans : 

HCt 

(CH,),C 0 + 2 C,H,SH- > (CH,),C{SCaHJ,+HjO. 

Like the mercaptals, they are liquids with unpleasant odour. 

Acetone Ethyl Mereaptol, Dtthioethyl Dimethyl Methane, (CH,)sC(SCtH,)|, 
b.p. X90-191®, may be prepared from mercaptan. However, to avoid the 
intolerable odour of the latter, sodium ethyl thiosulphate and hydrochloric acid 
are used (p. 147). It combines with methyl iodide (B. 19, 1787 ; 22,2592). By 
this means, from a series of simple and mixed ketones, corresponding mereaptols 
have been made, and in nearly all instances they have been oxidized to the 
corresponding sulphones. some of which possess medicinal value. 

- Sulphonal, Acetone Diethyl Sulphone, (CHa)«C(SOaC|H()s. m.p. 126®, was 
discovered by Baumann, and was introduced into mt^icine, as a very active 
sleep-producing agent, by Kast in 1888. It i? prepared by oxidation of acetone 
mercaptol with potassium permanganate : 

(CH,),.C(SC,H,),-(CH,),.C(SO,C,H,),. 

Sodium hydroxide and methyl iodide (A. 258 , 147) acting on ethyhdene 
diethyl sulphone (p. 210) produce it: 

NaOH CH,I 

CH,CH(SO,C,H,),-^CH3.CNa(SO,C,H,),-^(CH,)aC(SO,C,Hj)4. 

Trlonal, Methyl Ethyl Ketone Diethyl Sulphone, Diethyl Sulphone Methyl Ethyl 

MsMawf, m.p. 75®; Pentane^yy-diethyl Sulphone^ 

(C,H5),C(SO,C,Hb)s, m.p. 85®: Pentane-yv*dlmethylSu]phon6,(CBHB)gC(SO|CHa)i, 
m.p.^ and other *' sulphonals,'^ are prepared similarly to sulphonal, and 

act in like manner. However, Acetone Dimethyl Sulphone, (CH|}gC(SOgCHa)g, 
not containing an ethyl group, no longer acts like sulphonal. 


6. NITROGEN DERIVATIVES OF THE KETONES 

A. Mltro-eompounds .—Psmdonitroles (p. 253) and Mesodinitroparaffins (p. 154) 
have already been discussed after the mononitroparaffins. 

B. Ammonia and k^ones.—^Two bases result from the action of ammonia 
on acetone: dlaeetonamlne and triacetonamlne (p. 230). From methyl- 
ethyl ketone, diethyl ketone, and methyl propyl ketone, ammonia produces oils 
of the formula R|C(N;CR,)g. from which the original ketone is easily recovered 
(C. 1905, II. 340; 1907, I. 810). 

0. ^dreaylamliie and ketones. 
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Ketoximet (V. Meyei ).—In general, the ketoximes are formed 
with greater difficulty than the aldoximes (B. 89,1452). It is usually 
best to apply the hydroxylamine in a strongly alkaline solution (B. 28, 
605; A. 241,187). They are also produced when the pseudonitroles 
are reduced by free hydroxylamine or potassium hydrosulphide (B. 
28, 1367; 29, 87, 98)* They are very similar in properties to the 
aldoximes. Acids resolve them into their comjwnents, whilst sodium 
amalgam and acetic acid convert them into primary amines (p. 138). 
They are characteristically distinguished from the mdoximes by their 
behaviour towards acid chlorides or acetic anhydride, 3delding in part 
acid esters ; and by their conversion by the same reagents, as well as 
by HCl or H2SO4 in glacial acetic acid, into acid amides {Beckmann's 
inversion, B. 20, 506, 2580; comp, also B. 24,4018; A. 312,172, note). 


CH CH ^ CHaCO.NHCH,CH.CH,. 

Methyl Propyl Ketoxime.^ Acetopropylamide. 


li the two alkyl groups in a ketone differ only slightly from one another, 
two isomeric amides are formed. If one alkyl groui^ contains many more carbon 
atoms than the other, it is usually the group richer in caibon that wanders to 
the nitrogen atom (C. 1904, I. 355). l''or the investigation of this change, which 
IS comparable to that undergone by carboxylic bromamides, azides, and hydrox* 
amic acids (p. 244), see C. h 4S9. 

Nitrogen tctioxide converts the ketoximes into pseudonttroles (p. 153). 
Chlorine and sodium hydroxide or bromme and pyridine pioduce i,i-chloro- and 
bromo-mtrosoparafi&ns (p. 153)- 

Ketoximes combine with hydrocyanic acid to form nitriles of a-amidoxyl 
carboxylic acids (B. 29 , 62). 

Acetoxlme, (CHs),C:NOH, m.p. 59-60*. b.p. 135®, smells like chloral. 
It dissolves readily in water, alcohol, and ether, from which it crystallizes well 
(B. 20 , 1505 : 39 , 876). 

The hydroxyl hydrogen present in acetoxime may be replaced by acid radicals 
through the agency of acid chlorides or anydrides (B. 24 , 3537 )' 

MetJiyl Ethyl Ketoxime, b.p. 152-153®. Methyl ii-Propyl Ketoxime, b.p. 168® 
(C. 1898, II. 474). is an oil with an agreeable odour. Methyl Isopropyl Ketoxime, 
b p. 157*. Methyl n-Butyl Ketoxime, b.p. 185®. Methyl tert.^Buiyl Ketoxime, 
Ptnacoline Oxtme, m.p. 75®, reacting with PCI, produces aceto-tert.-bu^l- 
amine. Nitrogen tetroxide docs not produce pseudonitroles, but a nitrimine, 
C(CH,),.C(CH,):N.NO,. or the desmotrope C(CH,),C(:CH,).N:NOOH. (Comp, 
mesityl nitriminc, p. 231, and A. 338 , i.) n-Butyrone Oxime, b.p. 193 . 
Isohutyrone Oxime, m.p. 6-8®, b.p. 181-185®. Methyl Nonyl Ketoxime, m.p. 42®, 
behaves contrary to the rule (see above) and undergoes internal change under 
the influence of concentrated sulphuric acid, forming considerable quantities 
<rf capric metliylamide, C,H,,CONHCH„ together with acetononylamine (B. 85 , 
3592). Capryl Ketoxime, '20'^, Nonyl Ketoxime, m.-p. 12,^, Lauryl Ketoxime, 
(CiiH„),C:N.OH, m.p. 39® Myristyl Ketoxime, (C,, H„C:N.OH. m.p. 51®. Pal- 
mityl Ketoxime, (Ci,H,,),C:N.OH, m.p. 59®. Stearyl Ketoxime, (Ci,H„),C;N.OH, 
m.p. O2®. 

When a solution of a ketoxime is acted on by io^-alkyls in the presence of 
sodium methoxide, a mixture is formed, which on distillation yields alkylated 
oximes, suc^ as (CH,)aC:NOCH,. These pass over, and alkylated isoketoximes 

(CH,),C—NCH,.NaI 

remain behind combined with Nal as . The alkyl iso- 


ketoxime cannot be obtained from this compound. * 

Acetoxime Ethyl Ether, (CH,),C=:NOCH„ b.p. 72*. Methyl Isoacetoxime 
(CH,),C—N.CH,.NaI 

Sodium Iodide, , m.p. 206®, with decomposition, and others 

of this group, see C. 190Z, II. 184. 
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D. Ketazlnes {Curtius and Thun). —An excess of hydrazine acting on the 
ketones produces the unstable, secondary S3rmmetric hydrazines, readily changing 
even in the cold into ketazines, which are quite stable towards alk^is (B. 25 , 
R. 8o). Dimethyl ketazine in contact with malric acid changes into the 
isomeric trimethyl pyrazoline (B. 27 , 770; C. 1901, 11 . 1121): 


(CHa),C=N 

(CH,),C=N 


> 


N=CCH, 
HN CHa 


CfCHs),. 

The homologues of methyl-alkyl ketazine behave simibrl}^ whilst diethyl 
ketazine does not undergo the change (C. 1898, II. 1240). 

B!s-dimethyl Azimethylene, Dimethyl Ketazine, L(^H|)»C:N]a. b.p. 131*; 
Bis-methyl FAhvl Azimeththylene, b.p. 170**; Bis-methyl Propyl Azimethylene, b.p. 
X97*; Bis-mctkyl Hexyl Azimethylene, b.p. 290*; Bis-dieihyl Azimethylene, 
b.p. 19^®. 

E. Ketone Phenylhydrazones (E. Fischer, B. 16 , 661; 17 , 576; 20 , 513: 
21, 984). —These compounds result by tlie action of ph( nylhydrazine on the 
ketones. The phcnylhydrazinc is added to the ketone until a sample of the 
mixture no longer reduces an alkaline copper* solution. They behave like 
the aldehyde phenylhydrazones (p. 213). 

Acetone PhenylhydrazonA, (CHslaCrNgHCflHg, m.p. 16®, b.p.,, 165°. 

Methyl n-Propyl Ketone Phenylhydrazone, b-p.^,, 206®. 

p-Nitrophenylhydrazones arc specially suitable for identifying ketones on 
account of the relative insolubility of the compound formed. Acetone p-Nitro- 
phenylhydrazone, (CH3),C:NNHC,H4NO,, m.p. 148® (C. i 904 » !• 14)* 

Ketone Semicarbazones result when ketones are mixed with 
scmicarbazide, NH2CO.NH.NH2 [q.v.) at ordinary temperatures. 
Such compounds are particularly suitable for the identification of the 
ketones, on account of the excellent way they crystallize. Acetone 
Semicarbazone, (CH3)2C:NNHCONH2, m.p. 187°. Ethyl Methyl 
Ketone Semicarbazone, m.p. 135®. Diethyl Ketone Semicarbazone, 
m.p, 139°, and other members, see B. 34, 2123. 


3B. Olefine and Diolefine Ketones. 

Olefine ketones, in which the double bond is situated next to the keto-group, 
are very easily prepared, and are interesting in their behaviour. 

(i) (a) a/8-olefine ketones are obtained from the product of condensation of 
ketones with aldehydes or ketones ; the 1,3-keto-alcohols which arc formed 
easily give up water: 

CH,CHO+CH,COCH,-CH,CH{OH)CH,COCH, - > CH,CH:CHCOCH,. 

Condensation of several molecules of the same ketone results in the formation 
of aj 9 -olcfine ketones and aj/Sj-diolcfinc ketones : acetone yields Mesityl Oxide 
and Phorone: 

(CHjljCO 

2CH3COCH3-^ (CH3),C:CHC0CH3- > (CH,)aC:CHCOCH3C(CH3)2. 

( 5 ) The haloid esters of the 1,3-keto-alcohols, such as ) 9 -chloro- and /J-bromo- 
ketoncs, easily give up halogen acids, forming a^-olefinc ketones ; e.g. ^-chloro- 
ketones (prepared from ^-chloropropionyl chloride and zinc alkyls: mode of 
formation, p. 217). and diethyl aniline yield vinyl alkyl ketones (C. 1906, 1 . 650); 

. ZnlCtlljL 

ClCH,CH,COCl - - - C 1 CH,CH 3 C 0 C,H 5 - >■ CH.rCHCOC.H.. 

(f) Ally! alkyl ketones, which can be prepared from the acid nitriles, allyl 
iodide and zinc (comp, mode of formation 9, p. 217) very easily change into 
propenyl a’kyl ketones, under the influence of mineral acids (C. 1905. 43 *): 

CaH^Znl 

CH.CiN- > CH,COCH,CH:CH*-CHjCOCH'.CHCH*. 

(z) Olefines with any desired position of the double bond can be obtained 
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by decomposing olefine-substituted fi-ketone acid esters or jS-diketones (comp, 
mode of formation 13, p. 218); aliyl acetic ester gives allyl acetone; dimethyl 
allyl acetyl acetone yields dimethyl beptenone. 

The aj 9 -olcfine ketones are remarkable for the great additive capacity of their 
C^C group, which approximates to that of the C =0 group. Hydroxylamine 
produces not only oximes but also p-Hydroxylantino-oximes, RCH{NHOH).- 
CH,C(:NOH)R. Ammonia, primary and seconda^ amines are particularly 
easily taken up, forming p-aminoketones. Hydrazines react with the CO and 
C=C groups, producing cyclic Pyrazolines. Mercaptans form not only mercaptols, 
but also mercapto-mercaptols, even when the C=C group is not contiguous to 
the CO group ; e.g. 

CH,CH(SC,H.)CH*C(SC,H,),CH„ CH,CH(SC,H JCH,CH,C(SC,H,),CH„ 
etc. In phorone, only the two C=*C groups react: 

(CH,) 2 C(SC 2 H 5 ).CHa.CO.CHaC(SC 2 H 5 )(CHs )2 (B. 87 , 50^)- 

Sulphurous and hydrocyanic acids sometimes unite with the C ^ C group 
rather than with the CO. Malonic ester, acctoacctic ester, and other such 
reactive bodies similarly unite with the C=^C bond of ajS-olefinc ketones, forming 
RCOCnsCR.Cn(CO,C,H,)„ etp. 

Addition compounds with the halogen acids are very readily formed. 

It is a general rule that, when HX becomes attached to these unsaturated 
substances, the hydrogen atom always takes the a- posftion to the CO group, and the 
X group the p-posUton. 

Bromine forms ajS-dibromoparaffins, which readily give up HBr, leaving 
a-hromo-olefine ketones, which yield a-diketoncs on hydrolysis (B. 34 , 2092). 

Vinyl Ethyl, Vinyl Propyl, Vinyl Isopropyl Ketone, CH,:CHCOR, b.p.47 31®, 
b.p.,4 24®, and b.p.1032®, are produced from ) 3 -chloropropyl ethyl ketone, )8-chloro- 
propyl propyl ketone, and / 3 -chloropropyl isobutyl ketone. They aill easily 
undergo polymerization. 

AUyl Methyl Ketone, b.p. 108°, Allyl Ethyl Ketone, b.p. 127®, and Allyl Propyl 
Ketone, b.p. 147®, CHjiCH.CHjCOR, are readily changed by mineral acids into 
Propenyl Methyl Ketone, b.p. 121®, Propenyl Ethyl Ketone, b.p, 137®, and 
Propyl Ketone, b.p. 157®. 

Ethylidene Acetone, CHaCH^-CH.CO.CHs, b.p. 122®. It has a penetrating 
odour like that of crotonaldehyde. It is formed when hydraceiyl acetone (^.v.) 
is boiled with acetic anhydride or anhydrous oxalic acid (B. 25 , 3166; 34 , 2092). 
Isobutylidene Acetone, (CH,),CH.CH:CH.COCH8, b.p.j, 51® (C. 1900, 1 , 403). Iso- 
amylidene Acetone (CHjljCH.CHaCHrCHCOCHB, b.p. 180® (B. 27 ,R. 121 ; C. 1897, 
I. 3 ^ 5 )' Heptachlorethyhdene Acetone, CHCljCCl=CCl.CO.CCl3, b.p.14 184®, results 
when trxchloracetyl tetrachlorocrotonic acid is heated with water (B. 25 , 2695). 

Mesityl Oxide, (CH3)5C=CH.CO.CHj, b.p. 130®, is a liquid smelling like 
peppermint. Phorone, (CH3)2C—CH.CO,CH=C(CHj)j, m.p. 28®, b.p. 196®. 
These are formed simultaneously on treating acetone with dehydrating agents, 
e,g. ZnCl3, H2SO4, and HCl. Hydrochloric acid is best adapted for this 
purpose, the acetone being saturated with it, while it is cooled. The addi¬ 
tion products which are first formed, (CHjjjCCl.CHj.COCHj and (CHj)|CCl.- 
CHj.CO.CHj.CClICHj),, are decomposed by ^kali hydroxides, and the mesityl 
oxide and phorone then separated by distillation. When acetone is condensed 
by lime or sodium ethylate there is produced along with the mesityl oxide a cyclic 
ketone isomeric with phorone, called isophorone (Vol. II.). Camphorphorone 
is also isomeric with these two phorones. Mesityl oxide is also produced when 
di^tone alcohol (q.v.)2i.n^ diacetonamine (p. 230) are htated alone; also, together 
with acetone, when phorone is heated with dilute sulphuric acid, which eventu¬ 
ally causes it to break down into two molecules of acetone, as the result of water 
absorption (A. 180 , i); also by the action of isobptylene on acetic anhydride 
in the presence of a little ZnCl* (B. 27 , R. 942). Mesityl oxide combines with 
ammonm to form diacetonamine (p. 230) and with J^ydrazine to trimethyl 
pyrazoline (Vol. II.), Mesityl oxide takes up two and phorone four bromine 
atoms. Just as acetone condenses to mesityl oxide and phorone, so the homo¬ 
logous ketones, and methyl ethyl ketone, methyl propyl ketone, methyl heptyl 
ketone, and methyl nonyl ketone are condensed by hydrochloric acid (B. 36 , 
235^) or zinc chloride, and acetyl chloride (C. 1903, II. 566) to homolog;ues of 
mesityl oxide and phorone. 
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HistoficcU,—Kane discovered mesityl oxide in 1^38, when he obtained it. 
together with mesitylene, by the action of concentrated sulphuric acid on acetone. 
At that time he regarded acetone as alcohol, and called it mesiialcohol. In mesityl 
oxide and mesitylene. Kane thought he had discovered bodies which bore the 
same relation to mesityl alcohol or acetone that ethyl ether or ethyl oxide and 
ethylene bear to etliyl alcohol. Kekuli developed the formula (CHa)|.C=CH.CO.- 
CHg for mesityl oxide, which was substantiated later by Claisen^ Baeyer discovered 
phorone, and Claisen assigned to it the formula (CH|)aC=CH.CO.CHssC(CH9)t 
(A. 180 , 1 ). 


J THE ACTION OF AMMONIA ON MESITYL OXIDE AND PHORONE 

Ammonia unites with these bodies at their double bonds and forms three 
bases, Diacetonamine. Triacetonamine, and Triacetone Diamtne —the same 
that are formed from ammonia and acetone (Heiniz, A. 174 133 ; 198 , 42; 808 , 
336). There are two possible courses that the reaction may follow: firstly, 
t^t the acetone is condensed to mesityl oxide and phorone by the ammonia 
which then become converted into the amines, or secondly, the ammonia forms 

OH ‘ 

a simple addition compound, , which then condenses. 


CH, 

CH, 


^=CIICOCH, 

Mesityl oxide. 


NH, 


CH,v XHXOCH, 

^ ch,^\nh, 

Diacetonamine. 


CH,. XH, 

^=CII.CO.CH 




CH 

CH 


CH 


Phorone. 


XH,.CO.CH, XH, 

XH , 

Triacetonamine. 

CH,. X,.CO.CH,. XH, 

NH,/ XH, 

Triacetooe diamine. 

(A. 203 , 336.) 


DIaeetonamine forms a colourless liquid, slightly soluble in water, which is 
decomposed into mesityl oxide and ammonia by distillation (B. 7 , 1387). It 
shows a strongly alkaline reaction and forms crystalline salts with one equivalent 
of acid. The hydfochloride, acted on by potassium nitiite, yields Diacetone 
Alcohol, (CH,),C(OH)CH,COCH, {q.v.), which can be considered to be a derivative 
of diacetonamine. It loses water and changes to mesityl oxide. Urea derivative 
of diacetonamine, see B. 27 , 377. Diacetonamine Oxtme, m.p. 55®, b.p.i, lai* 
(B. 34 , 300, 792). 

Oxidation by chromic acid mixture produces amino-isobutyric acid, 
* (CH,),C(NH,)COOH (propalanine), and aminodsovaleric acid, (CH,),C(NH,).- 
CH,COOH. 

Triacetonamlne, m.p. 39*6®; NHaO, m.p. 58®, is prepared from phorone and 
ammonia, and is an imide base (p. 165). It crystallizes anhydrous in needles, 
and with one molecule of water in large quadratic tables. It is weakly alkaline. 
Its hydrochloride with potassium nitrite yields a nitrosamine compound, 
P.H1.0 N.NO, m.p. 73®, ii'hich regenerates phorone when boiled with sodium 
hydroxide. The nitroso-body is transformed by hydrochloric acid back into 
tiiacetonamine. This substance, with bromine, forms N-Bromotriacetonamine, 
C,Hi,ONBr, m.p. 44® (B, 81 . 668). For further reactions, see Vol. II. 

Phorone and primary amines produce jirMetkyl Triaceionamine, etc. (B. 28 , 
R. x66). Just as the reaction of diacetonamine with acetone yields triacetonamine, 
so acetkldehyde product Ffny/ Diacetonamine (B. 17 , 1788). 


(CH,),C.CH,COCH, CH,CHO (CH,),C.CH,CO.CH, 

1 -> I I 

NH, NH-CHCH, 


With cyanacetic ester an analogous h 4 actam is formed (B. 26. R. 450). 
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ACTION OF HYDROXYLAMINE ON MESITYL OXIDE AND PHORONE 

According to the conditions ot experiment, hydroxylamine becomes added 
• on to the mesityl oxide molecule and gives Diacetone Hydroxylamine, or else oxime 
formation takes place. In the case of phoronc, however, only addition compounds 
are formed —Trtacetone Hydroxylamine and Triacetone Dthydroxylamine, corre¬ 
sponding with the two compounds obtained with ammonia. 

Mes%iyl Oxide Oxime, (CH8)iC=CH.C(NOH)CH„ a-form, b.p.* 83®, ]8-£orm, 
m.p.49®,b.p.« 92®, is prepwed from mesityl oxide and free hydroxylamine. It is 
obtained in two modifications. The oily a-oxime is transformed into the solid 
/8-form by the action of heat on the hydrochloride, or by repeated distillation 
under reduced pressure. This body, acted on by hydroxylamine hydrochloride 
and boiled with alkali, regenerates the a-modification.« 

, m.p. 155“, with rapid decomposi¬ 
tion, is produced when both modifications of mesityl oxide oxime are treated 
with amyl nitrite in glacial acetic acid (B. 32 , 1336). Reduction changes it to 
Tfimethyl Pyrazoline (Vol. II.). Heated with water it forms an isomeric keto- 
irimethyl dihvdro-isoxazole oxime (Vol. II.); oxidation with nitric acid changes 
it to Nitrilomentyl Dioxime Peroxide. This is converted by aniline in glacial 
acetic acid solution into Anilonitro-acetone, which, in turn, is changed by sul- 
pfauric acid into nitro-acetone, (A. 319 , 230), a derivative of hydroxy-acetone : 

(CH,)X.CH.C-CH CH,C-CH,NO* CH.CO.CHjNO,. 

I II H —^ ^ 

ONO N.O.O.N N.CiHg 


MesitylOxide m.p, 162* (B. 88,1338). 

CH * CH COCH 

'Diacetone Hydroxylamine, CH*^^^NH 0 H *' ’*** 

together with e-mesityl oxide oxime, by the action of free hydroxylamine on 
mesityl oxide. Oxidation with chromic acid yields : 

^Nitroso-isopropyl Acetone, form, 

m.p. 75®; monomolecular form, b p.^ 60®, which is also formed from diacetonamine 

(p. 230) by oxidation with pcrsulphunc acid. In the dimolecular condition it 

forms white tabular crystals, which melt to a blue monomolecular liquid. It is 

easily decomposed (comp, nitrosoparaffins, p. 153, and B. 86, 1069). 

fi-Nttro~i$opropyl Acetone, (CH8)|C(NOj)Cn2COCH8, b.p.^, up*** is produced 

when diacctonc hydroxylamine is oxidized with nitric acid. It can be reduced 

back to its parent compound by aluminium amalgam (B. 86,158). 

-r * zi J I • ^CHj—CO—CHj-s. p^CHj o ;« 

Triacetone Hydroxylamine, >j(qh)_-^^"^ChI' 

prepared from phorone and hydroxylamine hydrochloride, and yields with hy- 
moxylaminc, an oxime, m.p. 126®. 

^ • 4 r>'L j t CHgs.^CHj—“CO—CH2 «is./^^CH j 

Triacetone Dihydroxylamine, qjj ^^^NHOH HOHN^^^CH ’ ®*P* ^^3 » 

b.p.ao 135* (B. 36 , 657), results from interaction of phorone and two molecular 
proportions of free hydroxylamine. Reduced by Zn and HCl, it changes to 
triacetone diamine, jailed with alkalis it gives : 

CH y^Hg—CO—CH js. 

Triacetone Dthydroxylamine Anhydride, _ 


uAckiuiuc. JDvilicu wiwu aAiwaiis . 

CH y^Hg—CO—CH js. 

Triacetone Dthydroxylamine Anhydride, 

\nh-O-hn/ ^ ■ 

SS*>C< ’ II *V<r 2 ’- “ P- Reduction by Zn and HCl 

NMH—no_HTJ/ • 


gives triacetone diamine (see above). 

Dinitrosodtisopropyl Acetone. “ P’ * 3 ®*. 

is produced from triacetone dihydroxylamine by chromic acid (B. 81 , 1379 )- 
On melting it forms a deep blue liquid. 

The scheme on which this work is baaed requires that diacetonamine and 
diacetone hydroxylamine s^uld be discussed as derivatives of diacetone alcohol 
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with the ketoles; and Iriacetonaminc, triacetone ’diamine, triacetone hydroxyl- 
amine, and triacetone dihydroxylaminc, etc., as derivatives oi the still unknown 
triacetone dialcohol among the ketodioles. They have, however, been examined 
before the olefine ketones, on account of their genetic connection with mesityl 
oxide and phorone. 

Allyl ilcrfowtf,CH2:CH.CH2^CH2COCHa, is obtained from allyl acetoacetic 
ester. It is isomeric with mesityl oxide (C, i80(S, II. 663 ; ii. 33 , 1472). 

Methyl Heptenone, (CH3)jC—CH.CH*.CHaCOCHB, b,p. 173®. is found in a 
number of ethereal oils which contain citral, linalool, and geraniol. It results 
from the distillation of cincolic anhydride (Vol. II.). Synthetically it can be 
produced by the action of sodium hydroxide solution on the reaction product 
of sodium acetyl acetone on amylene dibromido, (CH 5 ) 8 C 13 r.CH 2 CHaBr (B. 29 , 
R. 590). It is also prepared from dimethyl allyl acetoacetic ester, the result 
of the reaction between acetoacetic ester and amylene dibromide, and sodium 
ethoxide solution (B. 34 , 594). It possesses a penetrating odour like amyl 
acetate. Oxidation with KMn04 breaks it down to acetone and Isevulinic acid ; 
zinc chloride produces dihydro-m-xylol (A. 258 , 323; B. 28 , 2115, 2126). 

Sorbic Ethyl Ketone, CHg.CHiCH.CHiCH.CO.CjH,, b.p.ja 93®, is prepared 
from sorbyl chloride and zinc ethyl (B. 34 , 2222). 

Condensation of the respective ajS-olefine aldehydes (p. 214) with acetone 
leads to the formation of the following diolefine ketones (B. 28 , R. 608 ; C. 1906, 
II. 1112): 

(1) y-Methyl Sorbic Methyl Ketone, CHaCH:C(CH 8 )CH:CHCOCH„ b.p.„ 92®. 

(2) y€-Dimethyl Sorbic Methyl Ketone, (CHs)CHjCH:C(CHj)CH:CHCO.CH3, 
b.p., 97 ®- 

(3) ye-Diisopropyl Sorbic Methyl Ketone, {C3H,)CHjCH;C(CaH7)CH:CHCOCHa. 

Boiling with zinc chloride gives rise to benzene derivatives with varying 

facility : (i) no condensation ; (2) a bad yield ; (*5) a better one (see Vol. II.). 

Diallyl Acetone, CH,=CH.CH,.CH,COCH,.CIIa.CH=CHj, b.p.,, 116®, is 
prepared from diallyl acetone carboxylic ester (comp. Oxetone). 

Pseudo-ionone is also a diolcfine ketone, and is described in Vol. II., together 
with the olefine terpenes. 


3 C. Acetylene Ketones. 

These are obtained by the action of acid chlorides on sodium compounds 
of alkyl acetylene. 

Acetyl (Enanthylidcne, CHj[CH2]4CS^.COCHa, b.p.ja ()3®» is obtained from 
sodium cenanthylidcne and acetyl chloride. It possesses an irritating odour. 
Dilute H1SO4converts it into acetyl caproyl methane, Cll3[CHa]4CO.CIl2COCHa 
(C. 1900, II. 1231, 1262). Ilydroxylamine and hydra'zincs combine with the 
acetylene ketones, forming isoxazoles and pyrazoles respectively (C. 1903. 1 ^- 122 ; 
1904* I- 43 )- 


4. MONOBASIC CABBOXYLIC ACIDS 

The organic acids are characterized by the atomic group, CO.OH, 
called carboxyl, of which the hydrogen can be replaced by metals and 
alcohol radicals, formipg salts and esters. These organic acids may 
be compared to the sulphonic acids (p. 146), which contain the 
sulpho-group, SOg.OH. 

The number of carboxyl groups present in them determines their 
basicity, and distinguishes them as mono-, di-, tri-basic, etc., or as 
mono-, di-, and tri-cirboxylic acids: 

f'fl IJ yCOjH 

CHa-COaH CHa<^5|5 

Acetic Acid Haloolc Acid Tiicarball]rUc Add 

(Monobatic)* (Dlbaalc). (Tribasto). 
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The monobasic saturated acids can be looked on as being combina¬ 
tions of the carboxyl group with alcohol radicals; they are ordinarily 
termed fatty acids. They correspond with the saturated primary 
alcohols and aldehydes. The unsaturated acids of the acrylic acid 
and propiolic acid series, corresponding with the unsaturated primary 
alcohols and aldehydes, are derived from the fatty acids by the loss 
of two and four hydrogen atoms. 

They arc distinguished as : 

A. Paraffin nionocarhoxylic Acids, CnH2B02, formic acid or acetic 

acid scries. 

B. Olefine monocarboxyhc Acids, CnH2n^sP2* oleic or acrylic acid series. 

C. Acetylene monocarboxylic Acids, propiolic acid series. 

D. Diolefine carboxylic Acids, CnH2n-402- 

Nomenclature. —The “ Geneva nomenclature ” deduces the names 
of the carboxylic acids, just like the alcohols (p. 102), the aldehydes 
(p. 193), and tlie ketopes (p. 218), from the corresponding hydro¬ 
carbons ; thus formic acid is [methane acid] and acetic acid is [ethane 
acid], etc. , 

Tlic radical of the acid is the residue in combination with the 
hydroxyl group: 

CHsCO— CUsCHj.CO— CHj.CHj.CHj.CO— 

Acetyl. Propionyl. Butyryl. 

The names of the trivalent hydiocarbon residues, wliich in the acid 
residues are united With oxygen, are indicated by the insertion of the 
syllable “ cn " into the names of the corresponding alcohol radicals: 

CH,.CS CHs CH, LBr CII,.CH,.CH,.= 

Llhenyl. Ethylmethenvl n-PropylmcthenyL 

Tlio gioup CH^, howcvei, is not only called the methenyl group, 
but also the methinc group. 

Review of the Derivatives of the Monocarboxylic Acids.— 

Nnrnciou^ classes of bodies can be derived by changes in the carboxyl 
group. In connection wtli the fatly acids mention will only be made 
of the salts. The other cLiss('S of deiivatives will be considered as 
such aftoi the fatty acids. They are : 

(i) The esters, resulting from the replacement of hydrogen in the 
carboxyl gioup by alcoliol radicals (p. 265). 

{2) The chlorides (bromides, iodides, and fluorides), which are com¬ 
pounds of the acid radicals witli the halogens (p. 269). 

(j) The aetd anhydrides (p. 271), compounds of the acid radicals 
with oxygen. 

(4) The acid peroxides (p. 273). 

(5) The thio-acids (p. 273), compounds of the acid radicals with SH. 

(6) The carbithiomc acids. 

(7) The acid amides (p. 274), compounds of the acid radicals with 

NH2. , 

(8) The acid nitriles (p. 278). 

Hence acetic acid yields the following; • 

1 . CHs.COj.C.Hb 2 . CHvCOCl 3 . (CH,.C0),0 

Acetic Ethyl ^tcr. Acetyl Chloride. Acetic Anhydride. 

5 . CH,.COSH 6 . CHj.CSSH 7 . CH,.CONH, 

Thioaeetic Add. Methyl urbithionic Acetamide. 

Add. 


4. (CH,.C0),0, 

Acetyl Pero^de. 

8. CH,.C^ 
AeetmtxUa. 
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Besides the acid halides, amides, and nitriles, there exist the foUowix^ more 
complex derivatives 

(9) Hydfoxides (p. 278); (10) azides (p. 278); (xx) amide chlorides (p. 281); 
(X2) imide chlorides (p. 281); (13) imido-eihers (p. 281); (14) thio~amides (p. 
282); (1$) thio-imido-ethers (p. 282)!; (16) hydroxamic acids (p. 282); (17) 

hydroxamoximes (p. 283); (18) nitrosoUc acids (p. 283); (19) nitrolic acids 

(p. 283); (20) hydroxamyl chlorides (p. 283); (21) amidoximes (p. 283); (22) 
amidines (p. 282): (23) hydraxidines (p. 284) ; (24) formazyles, and others:— 


9. CH,C^ 


O 

NUNH, 


Acetohydrazide. 

XI 

12. CH,C< 

^NH 

Acetimide Cblorule. 


10. CHfif /N 
W II 

[AceUzide]. 

13. ch,c4 

^NH 

Acetimido'cthcr. 


II. CllnCf 

^NH, 


Acetamide Chloride. 


14. CH,C^ 


NH, 


Thioacetatnid^. 


/SCjHj 

15. CH,C< 

Thioacetimidu 

Ether. 

/NO 

18. CKfiC 

^Non 

AcetonitrotoUc 

Acid. 

/NH, 
11. CHJCC 

^NOH 

Acetamide Oxime. 


< OH 
NOH 

Acetobydroxamje 

Aud. 

/NO, 
19. CH.C^ 

^NOH 

Ethyl Nitrolic 
Acid. 

/NH, 
22. CH,C4 


^NH 

Acetamidine. 


N 

d 

/N:NC,H, 
24. CH,C(^ 

^N.NHC^H, 

Methyl Formazyl. 


/NHOH 
17. ch,c4 

^NOH 

Acetobydroxamic 

Oxime. 

XI 

20. ch,c4 

^NOH 
Acetobydroxiinic 
Acid Chloride. 

/NH, 

21 CH,C/ 

^N.NHC.Hj 

Acetobydraxidiiie. 

etc. 


Aromatic carboxylic acids, especially benzoic acid, are particularly 
suitable for the preparation of carboxylic acid derivatives, and various 
classes of substances which actually belong here, have been discovered 
and more closely studied in that series. Benzoic acid transmits its 
own facility in crystallization to its derivatives, so that the process of 
investigation becomes the easier. 

Similarly, the aromatic amines and hydrazines, such as aniline, 
toluidine, and phenylhydrazine, are more easily prepared and more 
convenient to manipulate than the conesponding aliphatic com¬ 
pounds, so that in this direction also the benzene derivatives have 
been more closely investigated than the simple methane compounds. 

Numerous derivatives are also obtained by the replacement of the 
hydrogen atoms in the radical combined with hydroxyl by other 
atoms or groups. Only the halogen substitution products will be de¬ 
scribed under the fatty ^acids, after the discussion of the various classes 
mentioned in the preceding j>aragraphs. 

The fatty acids can be recovered from all of the above classes of 
derivatives by simple reactions. 

It has already been indicated under the oxygen derivatives of the 
methane hydrocarbons, that aldehydes, ketones, and carboxylic acids 
may be considered to be anhydrides of theoretical, non-existing diacid 
or triacid alcohols, in which the hydroxyl groups are attached to the 
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same carbon atom (p. 99). The aldehydes and ketones were here 
especially referred to, because there were, among their acetals (p. 205) 
and the orthoketone alkyl ethers (p. 225), for example, stable ethers 
of glycols or orthoaldehydes and of orthoketones, ordinarily non¬ 
existent in the free state, among which chloral hydrate itself is 
included. 

The trihydric alcohols, corresponding with the carboxylic acids, 
cannot exist, but ethers of them are known. The hypothetical, 
trihydric alcohols, of which the carbonic acids may be considered 
anhydrides, have been called ortho acids, comparably to tribasic 
phosphoric acid being termed orthophosphoric acid (A. 1S9, 114; J. 
(1859) 152 ; B. 2, 115). This designation has also been applied to 
the orthoaldehydes and orthoketones. 

It is customary, therefore, to speak of “ hypothetical orthoformic 
acid ” and of “ orthoformic esters'* (the esters of tribasic formic acid), 
of formic acid —^which, ip reference to the relation of orthophosphoric 
to metaphosphoric acid, PO(OOH), might be termed metaformic acid — 
and of formic acid esters : , 



Orthoformic Acid. 


Orthoformic Ethyl 
Ester. 



Formic Acid. 


OC,H. 

ch/ 

Formic Ethyl 
Ester. 


The chloride, bromide, and iodide corresponding with orthoformic 
acid are chloroform, bromoform, and iodoform ; further derivatives are 
nitroform, orihoirithioformic ester, formyl irisulphonic acid, and others : 


/Cl 
HC^ Cl 

V] 

ChlorofoTin. 



Nitiofomi 


/sc,ir, 

HC^SCjHj 

Orthotrithioloriiuc 

Ester 


/SO,II 

^so.n 


HC^SO 


'SOjU 

Formyl Tnsulphonic 
Acid. 


It is only in the case of formic acid that the ortho-acid derivatives 
require a special designation. They will be discussed immediately 
following the derivatives of the ordinary formic acid, 

Comparably to the above, substances are known which are derived 
from orthoacctic acid, CH3C(OH)3 : 


CH.C(0C,H.)3 CH,CC1, CHaC(NO,), CH,C(NC,H,o)i 

Ortboicetic Ethyl Methyl Methyl Ortboacetic 

Ester. Chloroform. Nitroform. Pipendide. 


A. MONOBASIC SATURATED ACIDS, PARAFFIN MONOCARBOXYLIC 

ACIDS, CnH,«+,.CO,H 

Formic acid, H.CO.OH, is the first meniber of this series. The 
radical HCO, which, here, is united to hydroxyl, is called formyl. 
This acid is distinguished from all its homolpgucs and the unsaturated 
monocar^xylic acids, in that it exhibits not only the character of a 
monobasic acid, but also that of an aldehyde. To express in a name its 
aldehyde character the acid might be designated hydroxyformaldehyde, 

H0.C^2' 

From a chemical standpoint, this acid is more closely connected 
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with glyoxylic acid, CHO.CO2H {q*v.) than to acetic acid. Therefore, 
formic acid and its derivatives will be treated before acetic acid and 
its homologues are discussed. 

FORMIC ACID AND ITS DERIVATIVES 

It is not only the aldehyde character which distinguishes formic 
acid from acetic acid and its homologues, but it is also the absence of 
a chloride and anhydride, corresponding with acetyl chloride (j.r.) and 
acetic anhydride {q.v,). Tlie withdrawal of water from formic acid 
leads to the formation of carbon monoxide, a reaction which does 
not take place in th^ case of any of the higher homologues.* 
Hydrocyanic acid, the nitrile of formic acid, has an acid nature, and 
therein differs from the indifferent nitriles of the homologous acids. 
Formic acid is twelve times stronger than acetic acid, as is shown by 
the affinity constants derived from the electric conductivity {Ostwald). 

To the section on formic acid will be appended carbon monoxide, 
and its nitrogen-containing derivatives, the isonitriles or carhylamines, 
C=N—R', and fulminic ac.id, C=:NOH. 

Formic Acid, H.CO.OH [Methane Acid] {Acidum formicum), m.p. 
8 *6® (crystallizes at o®), b.p.ioo 100 6®, D2o=i'22, is found free m ants, 
in the procession caterpiUar, Bombyx processionea, in pine needles, 
and in various animal secretions (perspiration), from all of which it 
may be obtained by distillation with water. It is almost certainly not 
present in stinging nettles [Tr.]. 

It is produced in the laboratory : 

(i) By the oxidation of methyl alcohol and formaldehyde (B. 36 , 

3304): 


H.CHoOH 


> H.CHO 




(2) By heating hydrocyanic acid, the nitrile of formic acid, with 
alkalis or acids: 

HCN-|-2HjO=HCOOIl-hNHa. 

(3) By boiling chloroform with alcoholic patassium hydroxide 
(Dumas ): 

CHa8-l-4K0H-HC00K-h3KCl-|-2H80. 

(4) From chloral (Liebig), (5) from acetaldehyde disulphonic acid 
(see p. 208), and (6) from propargylic aldehyde (p. 215) and sodium 
hydroxide: 

CClj.CHO -l-NaOH =HCClg4-HCOONa; 

(SOaNa)aCH.CHO-fNaOH=(SO*Na)tCH,+ HCOONa; 

CH^.CHO + NaOH=CH^H-fHCOONa. 

Remarkable and of teohnical importance is (7) the direct production 
of formates by the action of CO on concentrated potassium hydroxide 
at 100®, or more easily on soda-lime at 200-220® (Berihelot, A. 97 ,125 ; 
Geuiker, A. 202 , 317 ; Meri and Tibirifd, B. 18 , 718): 

.CO+NaOH^HCO.ONa. 

(8) By action of acids on isocyanides or carbylamines (p. 247): 

CN.C,H,-l-2H,0=HCO.H-hC,H8NH,. 

* Comp. Dintethyl K$Une (p. 290), Di^KeUUs or Carh<m Suhoaide (Vol. 1.), 
and pi-Phenyi 
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(9) From fulminic acid by means of concentrated hydrochloric 
acid (see Formyl Chloridoxime, p. 244), hydroxylamine hydrochloride 
being formed simultaneously: 

C=N. 0 H+ 2 H, 04 -HCl=H.C 0 ,H-|-NH, 0 H.Ha. 

{loa) By the reduction of moist carbon dioxide (carbonic acid) by 
potassium {Kolbe and Schmitt, A. 119, 251): 

3 C 0 ,+ 4 K+H, 0 = 2 HC 0 . 0 K+K,C 0 ,. 

Formates are also produced by the action of sodium amalgam or electrolytic 
hydrogen (B. 38 , 413^) on ammonium carbonate and an aqueous solution of 
primary carbonates; likewise on boiling zinc carbonate with potassium hydroxide 
and zinc dust. 

(106) Potassium hydride combines at ordinary temperatures with CO,, 
forming HCOOK. At higher temperatures (80°) there results a mixture of 
potassium formate and oxalate (C. T905, II. 29). Potassium formate is also 
formed wlicn CO and H, afe passed together over heated potassium (Moissan, 
C. 1902, I. 568): 

2C0+KH-HC0/K>C, 


i (11) Formic acid is best prepared from oxalic acid, by heating it 
with glycerol. 


Oxalic acid heated alone decomposes into carbon dioxide and formic acid, or 
carbon monoxide and water, the latter decomposition preponderating: 

COOH ^IICO,H4CO, 

ioOH ^^C0 + H,O-!-C'O,. 


When, however, the acid is heated with glycerol in a distillation flask to 
loo-iio®, glyceryl monoxalic ester is first formed, and afterwards by loss of 
carbonic acid, mono-formin, the monoformic ester of glycerol : 

CH,.OCO.CO,II CH,O.COH+CO, 

CHOH = iIhOH 

■(IhiiOH dH.OH 

On further addition of crystallized oxalic acid the latter again breaks up into 
the anhydrous acid and water, which converts the glycerol formic ester into 
glycerol and formic acid : 

CaHB 0 .Cn 0 ( 0 H),-fH, 0 =C,H,( 0 H),+CH 0 . 0 H. 

At first the acid is very dilute, but later it reaches 56 per cent. If anhydrous 
oxalic acid be employed at the begioni'^g, a 95-98 per cent, formic acid is produced. 

To obtain anhydrous formic acid, the aqueous product is boiled with lead 
oxide or lead carbonate. The lead formate is then decomposed, at loo®, by a 
current of hydrogen sulphide. Or, formic acid of high percentage may be 
dehydrated by means of boric anhydride (B, 0 ,) (B. 14 ,1709); or, finally, sodium 
formate may be decomposed by sulphuric acid (C. 1905, 1 . 1701). 

• 

Formic acid is a mobile liquid which possesses a pungent odour 
and causes blisters on the skin. It mixes in all proportions with wateri 
alcohol and ether, and yields the hydrate 4CIIgOs +3^120, b.p.750107* i®, 
with dissociation into formic acid and water. Concentrated hot 
sulphuric acid decomposes formic acid into carbon monoxide and water. 
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A tempdtature of 160^ suffices to break up the acid into carbon dioxide 
and hydrogen. The same change may occur at ordinary temi^ratures 
by the action of finely divided rhodium, iridium, and ruthenium, but 
less readily when platinum sponge is employed. 

The aldehydic nature of formic acid explains its reducing property, 
its ability to precipitate silver from a hot neutral solution of silver 
nitrate, and mercury from mercuric nitrate, being itself oxidized to 
carbon dioxide: 



>HO. 



>CO,+HA 


Formates, excepting the spanngly soluble lead and silver salts, are readily 
soluble ia water. Lead formate, (HCOt)ftPb, crystallizes in beautiful needles 
and dissolves in 36 parts of cold water. Silver formate, HCO jAg, rapidly blackens 
on exposure to light. 

Decomposition of Formates. —i. The alkali salts, heated to 250®, are converted 
into oxalates with evolution of hydrogen: 

2lJCO,K=(COaK),+H,. 

2. Potassium formate, when heated with an excess of potassium hydroxide, 
decomposes with the formation of carbonate and the liberation of pure hydrogen 
(see Inorganic Chemistry): 

H.CO,K+KOH=K,COs+H,. 

3. The ammonium salt, heated to 230®, passes into formamide : 

-H,o 

H.COjNH*-—> H.CONH,. 

* 30 * 

It may be distiUed undecomposed under reduced pressure. 

4. The silver salt and mercury salt, when heated, decompose into metal, 
car^n dioxide and formic acid (C. 1905, II. 304): 

2HCO,Ag^2Ag+CO,+H.CO,H. 

5. The caXcium salt, when heated with the calcium salts of higher fatty acids, 
yields aldehydes (p. 190). 

Monochlorolormle add, Cl COOH, is regarded as chlorocarbonic acid. It will 
be discussed aftef carbonic acid. * 


Eaters of Formic Acid are prepared (i) from formic acid, alcohol, 
and hydrochloric or sulphuric acid; {2) from sodium formate and 
hydrochloric or sulphuric acid; (3) from a mixture of formyl acetic 
anhydride, or acetyl formyl oxide, HCOOCOCH3, and alcohols (C. 1900, 
II- 314); (4) from glycerol, oxalic acid, and alcohol. They are 
agreeably smelling liquids. 

Formic Methyl Ester, m.p'. —too*, b.p. 32*5* (B. 88, 638). 

Formic Ethyl Ester, b.p. 54*4®. 

This ester serves in the manufacture of artificial rum and arrack, and for the 
onion of the formyl group witl^ organic radicals (sec formyl acetone, etc.). 

ri’Propyl Ester, b.p. 81", n-Butyl Ester, b.p. 107®. For higher esters consult 
A. 288 ,253; C* 1900, II. 3x4. The allyl ester, b.p. 90®. 

Formamide, HCO.NH2, b.p. I92-IQ5^ with partial decomposition, 
b.p.io 90°, the amide of formic acid (comp. Acid Amides) is obtained 
(x) by heating ammonium formate (see above) to 230*" (B. 12, 973; 



239 


• FORMIC ^CID AND ITS DERIVATIVES 

16 f 980), or (2) ethyl formic ester with alcoholic ammonia to 100^; 
(3) by boiling formic acid Mdth ammonium thiocyanate (B. 16 » 2291). 
It consists of a thick liquid, miscible with water, alcohol, and ether. 
Heated rapi^y it breate down into CO and NH3; P2O6 liberates 
hydrocyanic acid from it. It combines with chloral (p. 201) to form 
Chloral Formamide, CCl3,CH(OH)NHCHO, m.p. 115®, which is 
employed as a narcotic. 

Mercuric oxide dissolves in it with the formation of mercury formamide, 
(CHO.NH)|Hg. It IS a feebly alkaline liquid, sometimes apphed as a sub¬ 
cutaneous injection. For sodium formamide^ see C. 1898, I. 927. 

Ethyl Formamide, CHO.NH.CsH., b.p. 199”, is obtained from ethyl formic 
ester; also by distilling a mixture of ethylamine with chloral; 

CCl,.CHO-hNH, C,H*-CHO NH CaH^+HCCl,. 

Allyl Formamide, b.p.js 109° (B. 28 , i 566 ). 

Formyl Hydrazine, HCO.NHNH2, m.p. 54°, is obtained from formic 
ester and hydrazine. It yields triazole (B. 27 , R. 801) when heated 
with formamide. * 

Diformyl Hydrazine, HCONH.NHCOH, m.p. 106®, is obtained 
from an excess of formic ester and hydrazine, when heated to 130® 
(B. 28 , R. 242). Its lead salt with ethyl iodide yields Diformyl Diethyl- 
hydrazine (B. 27 , 2278). 

Hydrocyanic Acid, Prussic Acid, Formonitrile, HNC, the nitrile 
of formic aetd (see acid nitriles), solidifies —15®, b.p. 26'5°, Dig=0’697, 
is a powerful poison. It occurs free accumulated in all parts of the 
Javanese tree, Pangium edule, Reinw. (B, 23 , 3548). It is obtained 
(i) from amygdalin {q.v), a glucoside contained in bitter almonds, which, 
under favourable conditions, takes up water and breaks down into 
hydrocyanic acid, Icevulose, and hitter almond oil or henzaldehyde (Liehig 
and Wohler, A. 22 , i). An aqueous solution, thus obtained, containing 
very little hydrocyanic acid, constitutes the officinal aquaamygdalarum 
amararums its active ingredient is hydrocyanic acid. (2) By the 
action of phosphorus pentoxide on formamide; (3) synthetically, 
by subjecting a mixture of acetylene and nitrogen to the influence of 
the electric spark {Berihelot), or by passing it through an electric 
furnace (C. 1902, 1 . 525); (4) from cyanogen and hydrogen under the 
influence of the silent electric discharge; (5) when chloroform is 
heated, under pressure, with ammonia; (6) upon boiling fonnoxime 
(p. 213) with water: 

1. C„H„N0i,-f-2H,0=HNC+C,H5CH0-f2C,H„0. 

Amygdalin. Baosaldebyde. £.9vui<M». 

P|Og 

2. HCONH,->HNC+H,0 

3. CHS:H + N^=2HNC 

4 . CN.CN + H,== 2 HNC 

5. HCCl, +5NH,=iNH4NC+3MHXl 

6. HjC=N.OH =HNC +H,0. 

Hydrocyanic acid is prepared from metallic cyanides, particularly 
yellow prussiate of potash or potassium ferrocyanide, by the action of 
dilute sulphuric acid: 

aK*Fe(CN),+ 3 H,S 04 -=K.Fe,(CN) 4 + 3 K.S 04 + 6 HNa 
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TKie aqueous acid thus obtained may be dehydrated by distillation 
over calcium chloride or phosphorus pentoxide. 

Historical.—Scheele discovered hydrocyanic acid in 17S2. Gay-Lussac, in 1811, 
obtained it anhydrous, in the coursoof his memorable investigations upon the 
radical cyanogen. In hydrogen cyanide he recognized the hydrogen derivative 
of a radical, consisting of carbon and nitrogen, for which he suggested the 
name eyanogine {nvavos, blue, yewdu, to produce). 

Properties, —Anliydrous hydrocyanic acid is a mobile liquid, pos¬ 
sessing a peculiar odour resembling that of oil of bitter almonds, and 
is extremely poisonous. 

It is a feeble acid,' imparting a faint red colour to blue litmus. 
Carbon dioxide decomposes its alkali salts. Like tlic halogen acids, it 
reacts with metallic oxides, producing cyanides. From solutions 
of silver nitrate it precipitates silver cyanide, a white, curdy precipi¬ 
tate (sec Inorg. Cli.). 

Reactions. —(i) The aqueous acid decomposes readily on standing, 
yielding ammonium formate and brown substances. The presence of 
a very slight quantity of stronger acid renders it more stable. When 
warmed with mineral acids it breaks up into formic acid and ammonia : 

HNC+2HaO- lICOOH+NHj. 

(2) Dry hydrocyanic acid combines directly with the gaseous 
halogen acids to form crj^^stalline compounds (p. 244). With hydro¬ 
chloric acid it probably yields Formimide Chloride (Il.( Cl—NH)2HC1 
(B. 16 , 352), The acid also unites with some metallic chlorides, 
e.g. FcaClfl, SbClg. 

(3) Nascent hydrogen (zinc and hydrochloric acid) reduces it to 
methylamine (p. 158). 

(4) When hydrocyanic acid unites with aldehydes and ketones, the 
double union between carbon and oxygen in the la tit r compounds is 
severed, and cyanhydrins.the nitriles of a-hydroxy-acids, are produced. 
These, by this means, are obtained by a nucleus synthesis. This rather 
important synthesis has become especially interesting for the building 
up of the aldoses, to which class of derivatives laevu^o c belongs. 

(5) Hydrocyanic acid, or potassium cyanide, unites with many 
ajS-unsaturated carboxylic acids and a)8-olefinc ketones, producing 
thereby saturated nitrilo-carboxylic acids and nitrilo-kctones, (A. 298 , 
338 : B. 37 , 4065 : C. 1905. L 171), 

For the application of hydrocyanic acid to Ih#* synthesis of aromatic 
aldehydes, see these 

For further addition reactions of hydrocyanic acid compare formimido clber 
(p. 243) and isourctinc (p.^^44). 

Constitution},—“Xtie production of hydrocyanic acid from formamide on the 
one side, and its reconversion into ammonium formate, are proofs positive of 
its being the nitrile ol formk) acid (see Acid Nitriles). Tls formation from chloro¬ 
form and from acetylene argue also for the formula The replacement 

of hydrogen, combined <^rith carbon, by metals is shown also by acetylene (p. 288) 
and other carbon compounds containing negative groups, e.g, the nitroethanes 
(p, 151). However, on replacing the metal atoms in the salts by alkyls, two 
classes of derivatives are obtained. The one series has the alkyls united to 
carbon, as required by the formula H.C=N : nitriles of monocarboxylic acids, 
0,g. CHt.CN. In the other class the alkyls are joined to nitrogen: isonitriles 
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or cwbylaminBS, e^g. CHtNaC. The latter are nitrogen-containing derivativea 
of carbon monoxide, and will be discussed after this body. In many resmects the 
behaviour of hydrocyanic acid recalls that of the isonitriles, hence m recent 
years the formula HN has also been assigned to it, and many of the reactions 
of potassium cyanide conform better with the isonitrile formula, K.N=sC, than 
with K.C^N, the formula usually given to' this salt (A. 287 , 265). Potassium 
cyanide and iodoalkyls or alkali alkyl sulphuric acids, when heated together 
yield, in the main, the nitriles ; at a lower temperature the isonitriles are formed, 
which change over into the nitnles at a higher temperature (C. 1900, II. 366). 
The formation of acetonitrile from hydrocyanic acid and diazomethane is evidence 
in favour of the nitrile formula of hydrocyanic acid (B. 28 , 857). 

Detection ,—To detect small quantities of free hydrocyanic acid or its soluble 
salts, the solution under examination is saturated with potassium hydroxide, a 
solution of a ferrous salt, containing some ferric salt is added, and the mixture is 
boiled for a short time. Hydrochloric acid is added to dissolve the precipitated 
iron oxides; if any insoluble Prussian blue should remain, it would indicate the 
presence of hydrocyanic acid. The following reaction is more sensitive. A few 
drops of yellow ammonium sulphide arc added to the hydrocyanic acid solution, 
and this then evaporated to dryness. Ammonium thiocyanate will remain, and 
if added to a ferric salt, will ct)lour it a deep red. 

PolymenxaUon of Hydrocyanic Acid .—When the aqueous acid stands for 
some time in contact with alkali hydroxides, or wit];i alkali carbonates, or if the 
anhydrous acid be mixed with a small piece of potassium cyanide, not only 
brown substances separate, but also while crystals, soluble in ether, and having 
the same percentage composition as hydrocyanic acid. Inasmuch as they break 
down, on boiling, into glycocoll, NH,.CH,COaH, caibon dioxide and ammonia, 
they arc assumed to be the nitnle of amtdomalontc acid, (CN),CHNHj (B. 7 , 767). 
They decompose at 180", with explosion and partial reformation of hydrocyanic 
acid. 


Salts of Hydrocyanic Acid.— Cyanides and Double Cyanides .— 
The importance of the cyanides and double cyanides in analytical 
chemistry explains the reason for the discussion of hydrocyanic acid 
and its salts in inorganic text-books. In organic chemistry the 
metallic cyanides serve for the introduction of the cyanogen group 
into carbon compounds (comp, acid nitriles, a-keione acids, etc.). 

Tlie alkali cyanides may be foimed by the direct action of these 
metals on cyanogen gas ; thus, potassium burns with a red flame in 
cyanogen, at the same time yielding potassium cyanide, C2N2+K2 
=2KNC. They arc also produced when nitrogenous organic substances 
are heated together with alkali metals. The strongly basic metals 
dissolve in hydrocyanic acid, forming cyanides. A more common 
procedure is to act with the acid on metallic oxides and hydroxides; 

HNC-f KOII=KNC-FH, 0 ; 2 HNC-|-Hg 0 =Hg(CN),-hH, 0 . 

The insoluble cyanides of tlie heavy metals are obtained by the double 
decomposition of the metallic salts with potassium cyanide. 

The cyanides of the light metals, especially the alkali and alkali 
earths, are easily soluble in water, react alkaline, and are decomposed 
by acids, even carbon dioxide, with elimination of hydrogen cyanide ; 
yet they are very stable, even at a red heati and undergo no change. 
The cyanides of the heavy metals, however, are mostly insoluble, and 
are only decomposed by strong acids. Wlien ignited, the cyanides 
of the noble metals undergo decomposition, breaking up into cyanogen 
gas and metals. 

The following simple cyanides are especially important in organic 
chemistry: 

VOL. I. 


R 
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Potauinin Cyanide, KNC (Consult v. Richter’s " Inorganic 
Chemistry" for method of preparation, properties, and tectmical 
applications of this salt), is as poisonous as hydrocyanic acid itself. 
The formation of potassium cyanide from the alkali metals and 
nitrogenous carbon compounds depends on the primary formation 
of potassium carbide, wliich then takes up nitrogen. 

Its aqueous or alcoholic solution becomes brown on exposure to the air, and 
decomposes, more rapidly on boiling, into potassium formate and ammonia. 
When fused in the air, as well as with easily reducible metallic oxides, the salt 
takes up oxygen and is converted into potassium isocyanate {q,v.). On being 
melted with sulphur, it forms potassium thiocyanate [q.v.). When the alkyl 
halides or salts of alkyl sulphuric acid are heated with potassium cyanide, 
acid nitriles with varying amounts of isomeric carbylamines or isonitriles are 
produced. Many organic halogen substitution products are converted into 
nitriles through the agency of potassium cyanide. Ethyl h3rpochloritc and 
potassium cyanide yield chlorimidocarbonic ester, a reaction which argues for 
the isonitrile formula of potassium cyanide (A. 287 , 274). 

Ammonium Cyanide, NH 4 NC, is formed by the direct union of HNC with 
ammonia, by heating carbon in ammonia gas! jy the action of ammonia on 
chloroform (p. 239); by the action of the silent electric discharge on methane 
and nitrogen; and by conducting carbon monoxide and ammonia through red- 
hot tubes. It is best prepared by subliming a mixture of potassium cyanide 
or dry ferrocyanide with ammonium chloride. It consists of colourless cubes, 
easily soluble in alcohol, and subliming at 40°, with partial decomposition into 
NH, and HNC. When preserved it becomes dark in colour and decomposes. 
It unites with aldehydes and ketones with the elimination of water to form 
a-amidonitriles. e.g, with formaldehyde it forms methylene amidoacetonitrile 
(comp. Glycocoll). 

Mercuric Cyanide, Hg(CN)2, is obtained by dissolving mercuric oxide in 
hydrocyanic acid, or by boiling Prussian blue (8 parts) and mercuric oxide (i 
part) with water until the blue coloration disappears. It dissolves readily 
in hot water (in 8 parts cold water), and crystallizes in bright, shining, quadratic 
prisms. When heated it yields cyanogen and mercury. It forms acetyl cyanide 
with acetyl chloride (see Pyroraccmic Acid). 

Silver Cyanide, AgNC, combines with alkyl iodides to yield addition products, 
which pass into isonitriles when they are heated (p. 247 ; C. 1903, 11 . 827). 

The chief use of potassium cyanide is in the preparation of acid 
nitriles of various kinds. This is done by bringing it into double 
decomposition with alkylogens, alkyl sulphates, and halogen sub¬ 
stitution products of the fatty acids. In many instances mercury 
cyanide or silver cyanide is preferable, d.g. in the formation of a-ketonic 
nitriles from acid chlorides or bromides. It is interesting to note that 
by the interaction of alkyl iodides and silver cyanide isonitriles or 
carbylamines are formed; in them the alcohol radical is joined 
nitrogen. (See p. 247 for the explanation.) 

Compound Metallic Cyanides.—The cyanides of the heavy metals, insoluble 
in water, dissolve in aqueous potassium cyanide, forming crystallizable double 
cyanides, which are soluble in water. Most of these compounds behave like 
double s^ts. Acids decompose them in the cold, with disengagement of hydro¬ 
cyanic acid and the precipitetion of the insoluble cyanides: 

AgCN.KCN-fHNO,=AgCN-hKNOs-f-HNC. 

In others, however, the metal is in more intimate union with the 
cyanogen group, and the metals in these cannot be detected by the 
usual reagents. Iron, cobalt, platinum, also chromium and man¬ 
ganese in their most highly oximzed state, form cyanogen derivatives 
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of this class. The stronger acids do not eliminate hydrocyanic acid 
from them, even in the cold, but the corresponding acids are set free, 
and these are capable of producing salts: 

K,Fe(CN),+4HCl=H4Fe(CN),+4KCl. 

Many chemists refer these complex metallic acids to h}rpothetical, 
polymeric hydrocyanic acids: 

H—C=N 

LU 

Di'hydrocyanic Acid. 


H—C=N- 

I II 

N=CH-N 

Tri-hydrocy»Qic Acid. 


CaNjK rV /CaNj.K, 

C,N,K 
Potassium Potassium 

Platuiocyanidc. Ferrocyanide. 



Fi<^C‘BN3.K 


s 


PotassiiHii 

Fcrricyanide. 


The most important compound metallic cyanides, particularly 
potassium ferrocyanide oi* yellow prussiate of potash, the parent sub¬ 
stance for the preparation ol cyanogen derivatives, have already 
been described in the inorganic section of this text-book. 

Hydroferrocyanic Acid, H4Fc(CN)fl, is precipitated by ether, from 
its solution in alcohol, as a pure white compound with ether (C. 1900, 
II. 1151). This is decomposed at go'" in vacuo. It is assumed that 
the union occurs at the oxygen atom, which behaves as a tetra- 
valent substance (comp. pp. 127, 128 ; B. 34 , 3612 ; 35 , 93). 

Sodium ITitroprusfiide, Fe(CN)5(N0)Na2+2H20.—Hydronitroprus- 
sic acid, of which the constitution lias not yet been determined 
(B. 29 , R. 409), is formed when nitric acid acts on potassium ferro¬ 
cyanide (C. 1897, I. 909). The filtrate from tlic potassium nitrate is 
neutralized with sodium carbonate, and yields the salt in beautiful 
red rhombic prisms, easily soluble in water. 

It serves as a very delicate reagent for alkali sulphides and 
hydrogen sulphide, with which it gives an intense violet coloration. 

Forwimido-eiker, formhydroxamic acid, formyl chloridoxime, methyl nitrolic acid, 
fotmamidine, ihioformethyltnnde, and formamtdoxime are intimately related to 
hydrocyanic acid and formamide. They arc representatives of groups of bodies 
which will be discussed in connection with acetic acid and its homologues. 

The formimido-ethers, such as are only known in the form of 

hydrochlorides. They are obtained from hydrocyanic acid alcohol and HCl 
( 13 . 16 , 354. 1644): 

HC 3 i+C,H.OH + HCl = HC<NH.Ha 

If a mixture of mercuric cyanide and chloride be treated with HCl gas in 
alcohol-ether solution, a double salt results, [HC(OC,H5); NHJHCl.HgCli (C. 
1904, I. 1064). 

Upon standing in contact with alcohols they pass into esters of orthoformic 
acid They yield amidines with ammonia and amines (primary and 

secondary). • 

Tbloformethylimide, HC<^C jj , b.p.i, 125“, is psoduced by the union of 

ethyl isocyanide, in alcoholic solution, with hydrogen sulphide. It is a yellow 
oil, with an odour like that of sulphur (A. 280 , 297). 

Tbioformie Acid, HCO.SH, is obtained as its sodium salt when formic 
phenyl ester (Vol. II.) is hydrolysed with alcoholic NaSH. The free acid is a 
very unstable liquid, which quickly polymerizes (C. X905, I. 20). 
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• ^NH 

Formamldlnet Meth^nyl Amidine, is only known in the form 

of salts. Its hydrochloride is obtained (i) by tiie action of ammonia on fofmimido^ 
ethyl ether hydrochloride (B. 16 , 375 > 1 ^ 47 ): (2) from formimide chloride, the 
addition product of hydrochloric acid and hydrocyanic acid, when it is digested 
with alcohol: 

I. +NH,=HC<^g« *^^+HOC,H,. 

a. + afjH.OH=+C,H,C 1 +IICO.C.H,. 

Formhydroxamic Acl^t ™-P- ^ produced when equimolecular 

quantities of formic ester and hydroxylamine are allowed to stand in a solution 
of absolute alcohol; also, by the oxidation of methylamine with persulphuric 
acid (comp. p. 163) (B. 85 , 4299)* It forms brilliant leaflets, which dissolve 
readily in water and in alcohol, but sparingly in ether. At temperatures above 
its melting-point violent decomposition takes place, a change which occurs 
slowly and completely at ordinary temperatures. The acid yields an intense 
red coloration with ferric chloride. It reduced Fehling’s solution, and its 
mercury salt in dry condition explodes when it 13 nibbed ; copper salt, HCNOsCu 
(comp. B. 33 , 1975)* 

Formyl Chlorldoxlme, is a beautifully crystallized, very easily 

decomposed compound, with a sharp, penetrating odour. It is produced when 
fulminates (p. 249) are treated, in the cold, with concentrated hydrochloric acid. 
It dissolves in ether. When its solution is warmed with concentrated hydrochloric 
acid, it rapidly decomposes into formic acid and hydroxylamine hydrochloride: 

+ 2 H, 0 =H.C<qh +nh,oh.hci. 


In aqueous solution the body readily reverts to fulminates. Silver nitrate 
changes it to silver fulminate and silver chloride. Aniline converts it into 
phenyl isouretine (Vol. 11 .), and with ammonia it yields cyanisonitrosoacct- 
hydroxamic acid, a derivative of mcsoxalic acid (A. 280 , 3 *^ 3 )- 

Acetyl I'oYfnyl Chloride Oxime is obtained from the product of reaction between 
acetic anhydride, formhydroxamic acid and PCI5. Silver nitrate converts it 
into stiver fulminate, silver chloride, and acetic acid (A. 310 , 19 ; B. 38 , 3858). 

Formonitroxime, Methyl Hitrolic Acid, is prepared from: (i) 


nitromethane (p. 151) and nitrous acid, and (2) isonitrosoacclic acid (p. 250) and 
N2O4. It is decomposed by boiling with water or dilute acids into N^O and 
formic acid, and into HNO^ and fulminic acid (p. 250) (B. 40 , 418). 

NH 

Formamldoxlme, Methenyl Amidoxime, Isouretine, I® 

isomeric with urea, CO(NH,)|. It results from the eva]K>ration of an alcoholic 
solution of hydroxylamine and hydrogen cyanide {Lossen and Schifferdecher, 
A. 166 , 295). 

Methyl Isouretin, NH^CHiNOCHg, m.p. 40^, is prepared from isouretin, 
alkali hydroxide, and iodomethane (A. 310 , 2). 

Formazyl Hydride, , m.p. 119-xao® is obtained from 

formazyl carboxylic acid (see Oxalic Acid derivatives). 

Derivatives of Orthoformle Acid (p. 236). 

Ortboformle Esters are formed (i) when chloroform is heated with sodium 
alcoholates in alcoholic solution {Williamson and Kay, A. 92 , 346): 


CHC5[,-h3CH,.ONa*CH(OCH,)t+3NaCl; 


(2) when formimido-cthers (p. 243) react with alcohols, mixed esters being also 
produced {Pinner, B. 16 , i‘> 45 ): 
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They are converted by alcoholic alkali hytbozides into alkali formates, and 
by glacial acetic acid into acetic esters and^ ordinary formic esters. Orthofonnic 
ester is changed by ketones and aldehydes into ortho-ethers, e.g, (CHf)|C(OC|H.)a 
(p. 235), and acetal, CHa.CH(OCiH()j| (p. 205). At the same time, it passes also 
into ordinary formic ether (B. 29 , 1007). Orthoformic ester, in the presence of 
acetic anhydride and aided by heat, combines with acetyl acetone, acetoacetic 
ester and malonic ester to yield ethoxymethenyl derivatives (B. 26 , 2729). 

Orthoformic Methyl lEstery CH(OCH,)s, b.p. 102^. Orthoformic Ethyl Ester, 
CH(0C2H5)„ b.p. 14b®. Orthoformic Allyl Ester, CH(OCsH|),, b.p. 196-205® 
(B. 12 , 115). 

Oribothiotormle Ester, CH(SCJ 1 ,)„ b.p.^o 116®, is prepared from formic acid 
ester, or amide, by the action of ethyl mercaptan and hydrochloric acid; also 
from chloroform and sodium mercaptide. It is a colourless oil of unpleasant 
odour. It is very stable towards alkalis, but is hydrolized by acids. Permanganate 
decomposes it into ethane sulphonic acid and methylene diethyl sulphone (B. 40 , 

740)- 

Chloroform, Trichloromethane, CHCI3, m.p. —62® (B, 26 > 1053), 
b.p. 6 i*5°, Di 6 = 1*5008, is obtained: (i) by the chlorination of 
CH4 or CH3CI; (2) by the action of bleaching powder on different 
carbon compounds— e.g. ethyl alcohol, acetone, etc.; (3) by heating 
chloral (p. 202) and other aliphatic Indies Having a terminal CCI3- 
group— trichloracetic acid and trichlorophenomalic acid (j.r.) — 
with aqueous potassium or sodium hydroxide : 

CCl,.CHO -i- KOH=CHa, -I-HCObK. 

Chloral. Potassium 

Formate. 

Chloroform is prepared technically by treating alcohol and acetone with 
bleaching powder which acts both as an oxidizing and chlorinating substance. The 
resulting CCl|.CHO or CH,.CO.CCla is decomposed by slaked lime (Mechanism 
of the Reaction; Ztnche, B. 26 , 501, note). Pure chloroform can be obtained 
by decomposing pure chloral with potassium hydroxide; or by freezing out 
crystals of chloroform and then placing this impure substance in a centrffugal 
machine (/?. Putet). Perfectly pure chloroform results in the decomposition of 
sal%cyhde-chloroform (Anschutz, A. 273 , 73). 

Htstoftcal *—Chloroform was discovered in 1831 by Liebig and Soubeiran, 
It was not until 1835 that Dumas proved conclusively that it contained hydrogen. 
In 1847 Simpson, of Edinburgh, introduced chloroform into surgery. 

Chloroform is a colourless liquid of an agreeable ethereal odour and 
sweetish taste. It is an excellent solvent for iodine and many organic 
substances, some of wliich crystallize out with “ chloroform of 
crystallization” e.g, salicylide-chloroform (see above). Chloroform 
seems to enter into a loose combination with ether, which is evidenced 
by a rise of temperature when the two liquids are mixed. Inhalation 
of its vapours produces anaesthesia. It is uninflammable. It forms 
CflClc when it is conducted through tubes heated to redness. 

Reactions. —(1) Chloroform is oxidized by the prolonged action of 
sunlight in presence of the oxygen of the air to phosgene (C. 1905, 
IL 1623), to prevent which about one per cent, of alcohol is added. 
Chromic acid also converts chloroform into tjiis body. 

(2) Chlorine converts chloroform into CCI4. 

(3) When heated with aqueous or alcoholic potassium hydroxide it forms 
pot^ium formate (p. 236) and carbon monoxide. The latter is probably a 

* Der Schutz des Chloroforms vor Zersetzung am Licht und sein erstes 
Viertcljahrhundert: K. BUtz, 1892, Der Aether gegen den Schmerc, C. Bios. 
1896, S. 54 - 
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product*of reaction with the —OCI* group, which is formed by the expulsion of 
HCl from the chloroform by the action of the alkali. It then unites with the 
alkali, whereby the more formic acid is produced the higher the temperature of 
reaction (A. 802 , 274): 

CHas+4KOH=HCOOK+3KCl+2H,0. 

(4) Orthoformic acid ester, CII(O.C,Il5),, is produced when chloroform is 
treated with sodium alcoholate. 

(5) When heated to 180° with alcoholic ammonia, it forms ammoniuna cyanide 
and chloride. When potassium hydroxide is present, an energetic reaction takes 
place at ordinary temperatures. The equation is: 

CHCl,+NH,+ 4 KOH=KNC 4 - 3 KCl-f 4 HA 

f 

(6) Isonityiles (p. 247), having extremely disgusting odours, are formed when 
chloroform is heated with primary bases and potassium hydroxide. This reaction 
serves both for the detection of chloroform and also of the primary amines. 

(7) Chloroform yields an additive product with acetone— e.g. a-hydroxy- 
isobutyric acid, 

(8) It is converted by sodium acetoacetic ester into m-hydroxyuvitic acid 
(Vol. II.). 

(9) Aromatic hydroxyaldcliydes (Vol. II.) aro produced when chloroform is 
digested with phenols and S9dium hydroxide. 

Bromofom, m.p. 7‘8°, b.p. 151®, D15 = 2‘9, is produced by 

the action of bromine and KOH or lime {Lowigj 1832) on alcohol 
or acetone ; by electrolysis of a solution of acetone and potassium 
bromide (C. 1902, I. 455 ; 1904, II. 301) ; from chloroform and 

aluminium bromide (C. 1900, I. 1201; 1901, I. 666); and also from 
tribromopyroracemic acid {q*v.). 

Iodoform, CHI3, m.p. 120®, is formed when iodine and potassium 
hydroxide act on ethyl alcohol, acetone, aldehyde and other 
substances containing the methyl group. Pure methyl alcohol, how¬ 
ever does not 3deld iodoform (B. 13 , 1002). 

The formation of tri-iodoaldehyde and tri-iodoacetone precedes the 
production of the iodoform. These substances are very unstable in 
the presence of alkalis. When tri-iodoacelic acid is warmed with acetic 
acid, or when it is treated with alkali carbonates, it breaks down into 
iodoform and carbon dioxide. Iodoform can be obtained by electro¬ 
lysis of an aqueous solution of KI, Na2C03 and alcohol, or KI and 
acetone (C. 1897, II. 695 ; 1898, I. 31; 1900, II. 19 ; 1904, 1 , 995). 
Acetylene-mercury chloride, C2H2.HgCl2» also yields iodoform when 
acted on by iodine and alkali (C. 1902, II. 1499). 

Iodoform crystallizes in brilliant, yellow leaflets, or hexagonal 
plates (C. 1899, I. 189; 1901, II. 23), soluble in alcohol and ether, 
but insoluble in water. Its odour is saffron-like. It evaporates 
at medium temperatures and distils in aqueous vapour. Eflgcsted 
with alcoholic KOH, HI, or potassium arsenite, it passes into methy¬ 
lene iodide (p. 206), Light and air decompose iodoform into CO2, CO, I, 
and water (C. 1903, II. 1718). 

Historical. —Iodoform Was discovered in 1832 by Serullas. Dumas, 
in 1834, proved that ibcontained hydrogen, and in 1880 it was applied 
by Mosetig-Moorhof in Vienna in the treatment of wounds. 

Fluoroform, CHF3, is obtained from silver fluoride and chloro¬ 
form, or better, iodoform mixed with sand. It is a gas (B. 28 , R. 377, 
680 ; C« Z900, 1 . 886). 
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Fiuofochlofofofm CHC 1 ,F-, b.p. 14-5®; Fluwochlotobfomoform, CHQFBr, 
b.p. 38® (B. 26 , R. 781)- 

Nltroform, Trinittomethane, CH(NQ|)i, has been described already, in conneo 
tion with the nitroparaffins (p. 155). 

Formyl Trlsulphonle Acid, Methine Tfisulphonic Acid, CH(SOsH)a, is pro¬ 
duced by the action of sodium sulphite on chloropicnn, CCla(NOa) 
and when fuming sulphuric acid acts on calcium methyl sulphonate (p. 210). 
The acid is very stable, even in the presence of boiling alkalis (C. 1899. 1 . 182). 

In this connection may be mentioned also dibromomiromethane (p, 151). 
nitromethane disulphonic acid (A. 161 , 161). and hydroxymeihane dtsulphomc 
acid, CH(OH) (SO3H), (B. 6, xo32); dickloromethane monosulphonic acid, dichloro- 
methyl alcohol, are only known as acetic esters. 

Carbon Monoxide, Isonitriles or Carbylamines, and Folminio Acid. 

Carbon Monoxide, CO, m.p.ioo —207®, b.p.7ao —critical 
temperature —141®, critical pressure 35 atmospheres, a colourless, 
Combustible gas, the product of the incomplete combustion of carbon, 
has already been discussed in the inorganic section of this book. The 
methods for its productioh and its reactions, which are of importance 
in organic chemistry, will again be briefly reviewed. Carbon monoxide 
is obtained (i) from formic acid, oxalic acid/a-ketonic acids such as 
pyroracemic acid and benzoyl formic acids (Vol. II.); (2) from 
a-hydroxy-acids such as glycolic acid, lactic acid, malic acid, citric 
acid, and mandelic acid (Vol. 11.); (3) from tertiary carboxylic acids 
of the formula R3COOH, such as trimethyl acetic acid (p. 258), tri- 
phenylacctic acid (Vol. IL), camphoric acid, cineolic acid (Vol, II.), 
from all these by the action of concentrated or fuming sulphuric acid 
(comp. B. 39, 51). It is also made from hydrocyanic acid if, in pre¬ 
paring the latter from potassium ferrocyanidc, K4Fe(CN)a.3H20, 
concentrated sulphuric acid be substituted for the more dilute acid; 
in this manner the hydrocyanic acid is changed to formamide, and the 
latter imm(‘diately breaks down into ammonia and carbon monoxide. 
Formamide yields carbon monoxide on the application of heat. 

Reactions. —(i) Carbon monoxide and hydrogen exposed to the in¬ 
fluence of electric discharges yield methane (p. 71). Being an un¬ 
saturated compound; carbon monoxide unites (2) with oxygen, giving 
a feebly luminous but beautifully blue flame, forming carbon dioxide ; 
(3) with sulphur yielding carbon oxysulphide ; and (4) with chlorine, 
to form carbon oxychloride or phosgene. It is rather remarkable that 
it also combines directly with certain metals. (5) With potassium it 
forms potassium carbon monoxide or potassium hexoxybenzene (q-v.), 
CeOeKfi; (6) with nickel it yields nickel carbonyl, Ni(CO)4, b.p. 43® 
(Mond, Quincke, and hanger, B. 23, R. 628 ; C. 1093, I. 1250 ; 1904, 
II. nil); (7) vrith iron it yields iron carbonyl Fe(CO)5, b.p. 102® 
(C. 1906,1. 333; 1907,1. 1179)* It forms (8) alkali formates with the 
alkali hydroxides (p. 236), and with (9) sodium methoxide and 
sodium ethoxidc it yields sodium acetate and propionate. 

Carbon Monosulphide, CS, is not yet ‘known (B. 28, R. 388). 
Isonitriles, Isooyanides, or Carbylamines are isomeric with the alkyl 
cyanides or the acid nitriles, but are distinguished from these in 
that they have their alkyl group joined to nitrogen. The isonitriles 
were first prepared in 1866 by Gautier (A. 161, 239) by two methods. 
The first consisted in allowing alkyl iodides (i mol.) to act on silver 
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cyanide (p. 242) (2 mols.), whilst in the second method the addition 
products of silver cyanide and the alkyl isonitriles were decomposed 
by distillation with potassium cyanide : 

la. C,H,H-2A^N=C,H,NC.AgCN+AgI 

16. C*H^NC.AgCN + KCN=C,H,NC+AgCN.KCN. 

Shortly afterwards, A. W. Hofmann (A. 146, 107) found that iso- 
nitriles were produced by digesting chloroform and primary amines 
with alcoholic potassium hydroxide : 

2. C,H,NH,+CHCla-h3K0H==C,HBNC + 3KC14-3H,0. 

3. The isonitriles are produced as by-products in the preparation 
of the nitriles from alkyl iodides or sulphates and potassium cyanide. 

Properties. —The carbylamines are colourless liquids which can be distilled, 
and possess an exceedingly disgusting odour. They arc sparingly soluble in 
water, but readily soluble in alcohol and ether. • 

Reactions. —(i) The isonitriles are charactjrized by their decomposition 
by dilute acids into formic^ acid and primary amines. This reaction proceeds 
readily by the action of dilute acids (HCl), or by heating with water to 180® : 

C,H,.NC+ 2 H, 0 =C,H,NH,-fHC 0 sH. 

Nitriles, on the other hand, by the absorption of water, pass into the ammonium 
salts of carboxylic acids ; 

C,HbCN + 2H,0=-C,HbC00NH4. 

It is, therefore, concluded that in the nitriles the alkyl group is in union with 
carbon, whilst in the isonitriles it is linked to nitrogen. Three formulae have 
been suggested for the isonitriles ; 

in It in IV V IV 

1. CjHjX=C 11. CjHjX=C= in. CJTjN^C. 

Nef, who has studied several aromatic isonitriles exhaustively, gives formula L 
the preference (A. 270 , 267). (2) The fatty acids convert i&onitriles into alkylized 

fatty acid amides. (3) The isonitrilcs, like hydrocyanic acid (p. 240), form 
crystalline derivatives with HCl; these are probably the hydrochlorides of 
alkyl formimide chlorides, 2CH,NC.3HCl = [CH|N=CHC 1 ],HC 1 , which water 
decomposes into formic acid and amino- bases. (4) Mercuric oxide changes the 
isonitriles into isocyanic ethers, C,HcN —CO, with the separation of mercury, 
just as CO, by absorption of oxygen, becomes CO,. 

(5) Heat converts the isonitriles into the normal nitriles, RC ;N, with 
intermediate polymerization products (C. 1907, I. 948). 

(6) lodo-alkyls and metallic cyanides unite with the isonitriles to form 
double compounds (see above); RNC.CNAg can be looked on as being an ester of 
a hydrosilvercyanic acid, HAg(CN), (C, 1903, II, 827; 1907, I- 94 ^ 5 )- 

Malbyl Isocyanlde, Methyl Carbylamines Isoacetonitrile^ CH,NC, b.p. 59®. 
Ethyl Isooyanide, Ethyl Carbylamine, C,H|NC, b.p. 79^, when heated at from 
230® to 250®, undergoes atomic rearrangement into propionitrile. It combines 
with chlorine to yield ethyl isocyanogen chloride or ethylimidocarbonyl 
chloride, a derivative of carbonic acid; similarly, with bromine to form ethyl 
carbylamine bromide (C. 1904, II. 29). With H,S it forms thioformethylimide 
(p. 243), and with acetyl chlpride it produces ethylimidopyruvyl chloride, a 
derivative of pjn'oracemic acid (A. 280 , 291). n-Propyl Isocyanide, b.p. 98** 
n*Butyl Isoeyanide, b.p. 1V9® (C. 1900, II. 366). 

Fulminio Acid, Carbyloxime, C=N.OH, is the oxime corresponding 
with carbon monoxide, and possesses the properties and characteristics 
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of a strong acid (22. SclwlU B. 28,3506; Nef, A. 880 , 303; comp, also, 
B. 27, 2817), The fulminates have the same percentage composition' 
as the salts of cyanic acid, and constitute one of the firet examines of 
isomeric compounds {Liebig, 1823). Little is known about the free 
acid. Its odour is very similar to that of hydrocyanic acid, and is as 
poisonous. The acid is formed when the fulminates are decomposed 
by strong acids. It combines quite readily with the latter, — e.g. it 
yields formyl chloridoxime with hydrochloric acid (p. 244), which breaks 
down very easily with the formation of fulminic acid. The reaction 
of tlie fulminates with hydrochloric acid affords some insight into 
the consitution of fulminic acid itself. First, hydrochloric acid unites 
directly and salts of formyl chloridoxime arise, from which, by the 
absorption of water, formic acid and hydroxylamine are formed: 

C«NOAg+Ha 

nc<Q^^®4-Hci =HC<^j^^-i.Aga. 

HC<^Cj®^+2H,0=HCO,H+NH;OH.HCI. 

The most important of the salts is mercury fulminate, which is 
employed, technically, as a detonating agent. 

HistoncaL —Mercury fulminate was first obtained by Howard, in 
1800, by the interaction of a solution of mercuric nitrate and alcohol. 
In 1824, Liebig and Guy Lussac showed that silver fulminate 
possesses the same percentage composition as silver cyanate, discovered 
by Wohler in 1822—an observation which paved the way for the re¬ 
cognition ol the phenomenon of isomerism (p. 25). Kekuli {1856) 
considcied fulminic acid to be nitro-acetonitrile, NO2CH2CN, an 
assumption which could not be sustained, since in 1883 Ehrenberg and 
Carstanjer, and also Steiner, found that all the nitrogen in fulminic acid 
appears as hydroxylamine when the acid is treated with hydrochloric 
acid. Steiner ascribed to fulminic acid the formula C(NOH): C(NOH). 
In 1890, however, 22. Scholl put forward the formula C =NOH, indicating 
that fulminic acid is the oxime of carbon monoxide; this Nef completely 
substantiated in 1894 by thorough experimental investigation (B. 
88, 51). 

Mercury Fulminate, (C=N.0)2Hg+iH20 (B. 18, R. 148), is formed 
(i) by the action of alcohol (B. 9, 787 ; 19, 993, 1370), acetaldehyde, 
dimethyl acetal or malonic acid (C. 1901, II. 404) on a solution 
of mercury in excess of nitric acid which contains oxides of nitrogen 
(B. 38, 1345); (2) by the addition of a solution of sodium nitro- 
methane to a mercuric chloride solution; 

2CH,=N<^^^-|-HgCl, = (C=N0),Hg4‘aH,0+2Naa. 

• O 

There is always produced at the same time a yellqff basic salt, (Hg<Q>C- 

»NO),Hp, which is the sole product obtained on pouring a solution of mercuric 
chloride into a solution of sodium nitromethane. This yellow salt is also very 
explosive. 

(3) By boiling methyl nitrolic acid (p. 154) with dilute nitric add 
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in presence of mercury salts. This reaction indicates the course of 
the formation of fulminic acid from alcohol (B. 40, 421): 

CH,.CH,OH- > CHaCHO-^ HON:C<"jjq- > HON:C<Pqqjj-^ 

Alcohol. Aldehyde. Isonitrosc^ Isonitroso- 

acetaldehyde. acetic Acid. 

HON:C<^q^jj HON:C<^°»- > HON:C+HNO,. 

Nitrolic Acetic Methyl Nitrolic Fulminic Aad. 

Acid. Acid. 


The formation of fulminic acid from malonic acid (p. 249) proceeds 
similarly to the above. 

Fulminating mercury crystallizes in shining, white needles, which 
are fairly soluble in hot water. It explodes violently on percussion, 
and also when acted on by concentrated sulphuric acid. Con¬ 
centrated hydrochloric acid evolves CO2, and yields hydroxylamine 
hydrochloride and formic acid, a reaction wfell adapted for the pre¬ 
paration of hydroxylamine (B. 19, 993). 

Chlorine gas decomposes mercury fulminate into mercuric chloride, cyanogen 
chloride and CClsNO*. Aqueous ammonia converts it into iitea and guanidine 
(see acetyl isocyanate). Silver fulminate in benzene solution is converted by 
aluminium chloride into / 3 -benzaldoxime (B. 82 , 3492). 


Silver Fulminate, C=NOAg, white needles, is prepared after the manner of 
the mercury salt, and is even more explosive than the latter. It is also prepared 

H. MsNO, 

from acetoformyl chloridoxime (p. 244) and AgNO# • q>C=NOCOCH, ——> 

AgCl+CNOAg+HOCOCH,. Potassium chloride precipitates from hot solutions 
of silver fulminate one atom of silver as chloride, and the double salt, CaN^OiAgK, 
crystallizes from the solution. Nitric acid precipitates from this salt acid 
silver fulminate, CjN, 0 ,AgH, a white, insoluble precipitate. On boiling mercury 
fulminate with water and copper or zinc, metallic mercury is precipitated and 
copper and zinc fulminates (C,N, 0 ,Cu and CjN, 0 ,Zn) are produced. 

Sodium fulminate, C=NONa, is obtained when mercury fulminate is digested 
with sodium amalgam in alcohol. It crystallizes in fine needles, is explosive and 

g oisonous. Examined by the freezing-point method, its molecule is found to 
e a simple one (B. 38 , 1355 : A. 298 , 345). A solution acidified with sulphuric 
acid yields to ether a crystalline explosive acid (CNOH),. Sodium fulminate is 
converted to an ester (CNOCH,)3, m.p. 149®, by means of dimethyl sulphate 

(C. 1907, I. 27)- 

In the formation of salts and double salts fulminic acid behaves much like 
hydrocyanic acid. This is readily understood if hydrocyanic acid be regarded 
as hydrogen isocyanide, C=NH. Sodium ferrocyanidc corresponds with sodium 
ferrofulminate, (C=N0)jFcNat4-i8H,0, which is produced by bringing together 
a solution of sodium fulminate and ferrous sulphate (A. 280 , 335). It consists of 
yellow needles. 

Dlbromonltro-aeetonitrlle, Dihromoglyoxime Peroxide, CN.CBr.NOi, or 
BrC«N—-O 

^^ m.p, 50®, IS produced when bromine acts on mercury fulminate. 


This body, when heated with hydrochloric acid, passes into HBr, NH|, NHjOH 
and oxalic acid. Aniline pro 1 $ably converts the dibromide into the dioxime of 
the oxanilide (C^HjNHCsjNOHlj. 

Fulmlnurie Add, Nitrocyanacetamide, C 3 N 309 Hs»=CN.CH(N 03 )C 0 NH|, is a 
derivative of tartronic acid. Its alkali salts are obtained by boiling mercuric 
fulminate with potassium chloride or ammonium chloride and water. The sodium 
salt is converted, by a mixture of sulphuric and nitric acids, into trinitroacetonitrile. 
The free acid is obtained by decomposing the lead salt with hydrogen sulphide. 
It deflagrates at X45*. Especially characteristic is the Ciz^ammonium saU, 
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CaN,OgH|(CuNH«), which consists of glistening purple-coloured prisms. (Comp. 
Cyanunc Acid.) 

Ethyl iodide converts the silver salt at 80-^0* into the Ethyl Ester, 
C|H,N,Oa(OC,Hg), m.p. X33^ which is changed into Desoxyfulminurlo Aeld, 
CyantsonUroso-acetatmaist CgNsH^Oi = CN.C(:NOH)CONH*, m.p. 184® (A, 280 , 
331}, a mesoxalic acid derivative, when boiled with water and alcohol. 


ACETIC ACID AND ITS HOMOLOGUES, THE FATTY ACIDS, CnH2n-fi.C02H 

We can regard and also designate all the homologues of acetic acid 
as mono-, di-, and tri-alkylized acetic acids. Names are then obtained 
which as clearly express the constitution of the acids as the carbinol 
names show the constitution of the alcohols (p. lOi). 

The acids of this series are known as fatty acids, because their 
higher members occur in the natural fats. The latter are esters of the 
fatty acids, with glycerol,^ a trihydric alcohol. On boiling them with 
potassium or sodium hydroxide, alkali salts (soaps) of the fatty acids 
are formed, and from these the mineral acids liberate the fatty acids. 
Hence, the process of converting a compound ester into an acid and an 
alcohol has been termed saponification, and this term has been applied 
to the convcision of other derivatives of the acids into the acids 
themselves—the conversion of nitriles into the corresponding acids.* 

The lower acids (with exception of the first members) are oils ; the 
higher, commencing with capric acid, are solids at ordinary tempera¬ 
tures. The first can be distilled without decomposition; the latter 
are partially decomposed, and can only be distilled without alteration 
under reduced pressure. Only the first members are volatile in steam. 
Acids of similar structure show an increase in their boiling points of 
about 19° for each increase in CHg. It may be remarked that the melt¬ 
ing points are higher in acids of normal structure, containing an even 
number of carbon atoms, than in the case of those having an odd 
number of carbon atoms. The dibasic acids exliibit the same cha¬ 
racteristic. As the oxygen content diminishes, the specific gravities 
of the acids grow successively less, and the acids themselves at the same 
time approach the hydrocarbons in character. The lower members 
are readily soluble in water, but the solubility legularly diminishes with 
increasing molecular weight. All dissolve readily in alcohol, and very 
easily in ether. Their solutions redden blue litmus. The acidity 
diminishes with increasing molecular weight; this is very clearly 
evidenced by the diminution of the heat of neutralization and the 
initial velocity in the etherification of the acids. 

The most important general methods of preparation of the 
monobasic acids are: 

(i) Oxidation of the primary alcohols and aldehydes: 

CH,.CH,OH —CH, 

Ethyl AlCQhol. Aldehyde. Acetic Acid. 

The oxidizing agents most usually employed are chromic acid and perman¬ 
ganate (C. 1907, I. 1179). 

* The term hydroly^xs is more strictly accurate.— 
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In the case of normal primary alcohols with high moleculax weight the con* 
version into the corresponding acids is effected by heating with soda-lime: 

C,5H„CH,OH+NaOH=C„H„.CO,Na+2H,. 

Cetyl Alcohol. » Sodium Paimitate. 

(a) By the addition of hydrogen to the unsaturated monocarboxylic acids: 

CH,-CH.C 0 ,H+ 2 H-CH,.CH,.C 0 *H. . 

Acrylic Acid. Propionic Acid. 

(3) By the reduction of hydroxy-acids at raised temperatures by means 
of hydriodic acid: 

CH,.CH(OH)CO,H-h 2 HI=CH 8 .CH,.CO,H+H, 0 +It. 

Or, halogen substituted acris may be reduced by means of sodium amalgam. 

Many nucleus-synthetic methods are known for the formation of 
derivatives of the acids, which can easily be changed to the latter. 
These methods are important in the building-up of the acids. 

(4) Synthesis of tlU Acid Nitriles ,—^The alkyl cyanides, called also 
the fatty acid nitriles, are produced by the interaction of potassium 
cyanide and alkylogensor the alkali salt*? of the alkyl sulphuric acids. 
When the alkyl cyanides or fatty acid nitriles are heated with alkalis 
or dilute mineral acids the cyanogen group is transformed into the 
carboxyl group, whilst the nitrogen is changed to ammonia. In this 
manner formic acid is produced from hydrocyanic acid (p. 236): 

CH,.CN-f-2H80-f-HCl«CH8.C0,H+NH4Cl 

ai8.CN-|-H80-hK0H=CH,.C08K-l-NH,. 

This method makes the synthesis of acids from alcohols possible. 

The change of the nitriles to acids is, in many instances, best carried out 
by digesting the former with sulphuric acid (diluted with an equal volume of 
water); the fatty acid will then appear as an oil upon the surface of the solution 
(B. 10,262). 

The conversion of the nitriles directly into esters of the acids may be effected 
by dissolving them in alcohol and passing hydrochloric acid gas into the solution, 
or by warming it with sulphuric acid (B. 9, 1590), 

(5) The action of carbon monoxide on the sodium alcoholates heated to 
160-200® only proceeds smoothly and easily in the case of sodium meihoxide 
and ethoxide (A. 202, 294 ; C. 1903, II. 933): 

C,Hj.ONa-fCO « CjHj.CO. Na. 

^dium Ethoxide. Sodiura Propionate. 

Similarly, carbon monoxide and sodium hydroxide yield formic acid (p. 236). 

(^) The action of carbon dioxide on sodium alkyls (A. Ill, 234) is only 
applicable with sodium methyl and sodiura ethyl (p. 184). It may be compared 
with that in which formic acid is produced by the action of moist carbon dioxide 
on potassium (potassium hydride): 

C,H8.Na+COj=C,H8.CO,Na. 

(66) By the action of carbon dioxide on an ethereal solution of an alkyl 
magnesium halide, and the decomposition of the resulting magnesium compound 
by ice and sulphuric acid (C. 1901, II. 622 ; B. 35 ,2519): 

CO, H,0 

CH,MgBr-CH,CO*MgBr- > CH,COOH. 

{7) By the action of ptiosgene gas, CCX^lg, on the zinc alkyls. Acid chlorides 
are first formed, and subsequently yield acids when treated with water: 

Zn(CH,)g-f2COCl8-2CH,.COCl+ZnCl.. and 

Acetyl Chloride. 

CH,.COa+ H ,0 - CH J.CO.OH + HCl. 

Acetie Aoidt 
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(8) Electro-syntheses of the esters of monooarboxylic acids occur upon 
electrolyzing mixtures of the salts of fatty acids and the mono-esters of dicar- 
boxylic acids. Butyric ester, for example, is obtained from potassium acetate 
and potassium ethyl succinate (B. 28 , 2427): 

CHjCO, 

CH,CO,1k hoh'"ch, CO, koh h' 
iH,.co,c,H, (!:h,-co,.c,h, 

The following methods of formation are based upon the breaking- 
down of long carbon chains: 

(9) The decomposition of ketones by oxidation with potassium 
dichromate and sulphuric acid (p. 219): 

o 

CH,[CHJi*.CO CH,-^ 

Pentadecyl Methyl Ketone from PentadecycUe Acid. AeetieAcid. 

Palmitic Acid. * 

/ 

By the action, also, of chlorine and alkali,d:he alkyl methyl ketones 
can be made to yield chiefly carboxylic acids, the change being due to 
the separation of the CH3 group in the form of chloroform and the 
replacement of it by the hyeboxyl group. 

(10) Decomposition of unsaturated acids by fusion with potassium 
hyckoxide: 

KOH 

Cn,CH ; C(CH,)CO,K- > CH^COjK and CH,CH, CO,K 

Potassium Angelicate. Pola^um Potassium Propionate. 

Acetate. 

(11) Decomposition of acetoacetic ester, as well as mono- and dial¬ 
kyl acetoacetic esters, by concentrated alcoholic potassium hydroxide: 

CH»COCH,CO,C,H,+2KOH=CH,COj|K+CH,CO,K-hC,HjOH 

Acetoacetic Lster. 

CUjCO.CH(R)CaaC,H*-f2KOH=CH,CO,K+CH,(R)COjK-fC,H,OH 

CH,CO.C(R),CO,C,H,+ 2 KOH=CH,CO,K-|-CH(R),COjK 4 -CaH,OH 

The mono- and* di-alkyl acetoacetic esters are decomposed, by 
boiling sodium alcoholate solution, into mono- and di-alkyl acetic ester. 

(12) Decomposition of ketoxime carboxylic acids, after internal re¬ 
arrangement into acid amides. This reaction is valuable in deter¬ 
mining the constitution of the olefine carboxylic acids, from which the 
ketoxime carboxylic acids can be prepared. (Comp, oleic acid, 
p. 300.) 

(13) Decomposition of dicarboxylic acids, in which the two carboxyl 
groups are in union with the same carbon atom. On the application 
of heat, these lose carbon dioxide: 

CH,<co’n-CH,.CO,H+CO, 

Malonie Acid. 

CH(R)<^gj||-^ CH,(R)CO’,H+CO, 

C(R).<c8|h -^ CH(R),CO,H+CO,. 

The acids produced by the methods zx and 13 can be regarded as directly 
derived from acei|;ic acid, CHt.COOH, in which i or 2H atoms of the CH| group 
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are replaced by alkyls; hence the designations methyl- and dimethyl-acetic acidt 
etc.: 

CH,.CH, CH,.C,H, CH(CH,). 

^OOH iooh ^OOH 

Methyl Acetic Acid or Ethyl Acetic Acid or Dimethyl Acetic Acid or 

Propionic Acid. Butyric Acid. Isobutyric Acid. 

To comprehend fully the importance of these two methods of 
formation the following facts may be stated here, though they are out 
of their pre-arranged sequence. 

Acetic ester is the parent substance for the production of aceto- 
acetic ester, and chloilicetic ester for that of malonic ester. Aceto- 
acetic ester, CH3CO.CH2CO.OC2H6, and malonic ester, CH2(COOC2ll6)2, 
contain a CH2-group, in combination with two CO-groups. One 
hydrogen atom in a CH2“group thus situated may be replaced by sodium, 
and the latter, through the agency of an alkyl iodide, by an alkyl group. 
In this manner monoalkyl acetoacetic esters, CH3CH.CHRCO.OC2H5, and 
monoalkyl malonic esters, CHR(COOC2H6)2» are obtained. Further, 
in these monoalkyhc derivatives the second hydrogen atom of the 
CH2-group may be substituted by sodium, and this, in turn, may be 
replaced by a similar or a different alcohol radical, tlirough the action 
of an alkylogen : the products are then dialkyl acetoacetic esters, CH3- 
C0.C(R)2C00C2H5, and dialkyl malonic esters, C(R)2(COOC2H5)2. 
The ease with which all of the reactions involved in the formation of 
the alkyl malonic and acetoacetic esters are carried out render these 
bodies very convenient material for the production of a nucleus synthesis 
of mono- and dialkyl acetic acids. The breaking-down of malonic 
acid and the alkyl malonic acids possesses this advantage, that it pro¬ 
ceeds in one direction only, whereas the alkyl acetoacetic esters undergo 
a ketone decomposition simultaneously with the acid decomposition, 
with the separation of the carboxyl group (p. 218). 

Isomerism ,—Every monocarboxylic acid corresponds with a primary 
alcohol. Hence the number of isomeric monocarboxylic acids of 
definite carbon content is, as in the instance of the aldehydes, equal 
to that of the possible primary alcohols (p, 103), possessing a like 
quantity of carbon. The isomerism is dependent upon the isomerisms 
of the hydrocarbon radicals in union with the carboxyl group. 

There are no possible isomers of the first three members of the 
series C„H2n02: 

H .CO,H CH ,.CO,H C,H k-CO.H 

Formic Acid. Acetic Acid. Propionic Acid. 

Two structural isomers are possible for the fourth member, 
C4H8O2 • 

CH,.CH,CH,.CO,H and (CH,),.CH.COsn. 

Propyl Carboxylic Acid Isopropyl Carboxylic Acid. 

Butyric Acid. Isotutync Acid. 

Four isomers arq possible with the fifth member, C6Hio02= 
C4HQ.CO2H, inasmuch as there are four butyl, C4HQ, groups, etc. 

Reactions ,—A concise review of their many derivatives was given 
in the introduction to the monocarboxylic acids, which were obtainable 
in part from the acids, or directly from their salts. Their most im¬ 
portant reactions follow: 
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(1) Acids and alcohols yield esters in the presence of hydrochloric 
or sulphuric acid (p. 263). 

(2) Salts and aikylogens, or alkyl sulphates^ 3deld esters. 

(3) Acids or salts, when acted on by the chlorides of phosphorus, 
yield acid chlorides (p, 269) and acid anhydrides (p. 271). 

(4) The ammonium salts of the acids lose water and become 
acid amides (p. 274) and acid nitriles (p. 278). 

(5) The halogens produce substitution products. 

(6) The fatty acids are very stable in the presence of oxidizing 
agents, and are only attacked very slowly. Those acids, containing a 
tertiary group, yield nitro-derivatives (B. 16, *2318; 32, 3661) when 
acted on by nitric acid. 

In discussing the paraffins, their alcohols, aldehydes and ketones, 
methods of producing these bodies were described, which were based 
upon reactions of the fatty acids, their salts or their immediate 
.derivatives. These may «be summarized here : 

(1) Paraffins (p. 74) result from the reduction of higher fatty acids 

by hydi iodic acid. * 

(2) Paraffins (p. 74) are produced when the calcium salts of the 
fatty acids are distilled with soda-lime. 

(3) Paraffins, together witli CO2, alcohols, and other products 
(p. 73), result from the electrolysis of concentrated solutions of the 
potassium salts of the fatty acids. 

(4) Acid chlorides and anhydrides, wlien reduced, 3deld aldehydes 
(p. 191) zxiA primary alcohols (p. 103). 

(5) Acid chlorides, esters, amides, and nitriles reacting with zinc 
alkyls or magnesium alkyl halides yield ketones (p. 217) and tertiary 
alcohols (p. 105). 

(0) By the interaction of iodine and the silver salts of fatty acids, esters of 
the next lower alcohol arc formed (comp. p. 263). 

(7) When the calcium salts are distilled with calcium formate, 
aldehydes are produced (p. 190). 

(8) Simple and mixed ketones (p. 190) are formed when a single 
calcium salt or an equi molecular mixture of two different calcium 
salts are distilled respectively. 

(9) The reduction of acid nitriles yields primary amines ; these, 
are converted into the corresponding alcohols by hitrous acid. 

(10) Acid amides, when acted on by bromine and sodium hy¬ 
droxide, lose CO as carbon dioxide and pass into the next lower 
series of primary amines. This reaction can therefore be employed for 
proceeding step by step down the series of fatty acids (p. 263). The 
azides of the acids behave similarly when acted on by water or alcohol. 

The constitution of the fatty acids follows from their production 
from bodies of known constitution and their cpnvcision into the same. 

Acetic Acid [Ethane Acid], CHg.COOH {Acidum accticum), m.p. 
i 6’7°, b.p. 118° D2o=i'0497, formed by the spontaneous souring of 
alcoholic liquids, is the acid which has been longest known. Vinegar 
and the term " acid ” were designated, for example, by the Romans 
by closely related words. Wood vinegar first became known in the 
middle ages. 
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Acetic acid is found in the vegetable kingdom both free and in the form of 
salts and esters. tKus, it was mentioned under n-hexyl and n-octyi alcohols 
that they occurred in the form of their acetic esters in the ethereal oil of the seed 
of Heradeum giganteum and in the fruit of Heradeum sphondyliutn. The officinal, 
concentrated acid, as well as the thirty per cent, aqueous solution of the acid, 
are applied medicinally. 

Acetic acid is produced in the decay of many organic substances 
and in the dry distillation of wood, sugar, tartaric acid, and other 
compounds ; also in the oxidation of numerous carbon derivatives, as 
it is very stable towards oxidants. 

The methods of forming acetic acid, which have any particular theoretical 
value, have already been discussed under the general methods for the production 
of fatty acids (p. 251); therefore they will be but briefly noticed here : 

(1) The oxidation of ethyl alcohol and acetaldehyde. 

(2) The reduction of hydroxyacetic acid or glycollic acid, CHj{OH).CO,H, 
and the reduction of chlorinated acetic acids— e.g. trichloracetic acid, CCl|.CO|H. 

Synthetically : (3) From methyl cyanide or acetonitrile. 

(4) From sodium methoxide and carbon monoxide. 

(5) From sodium methyl or magnesium methyl iodide and carbon dioxide. 

(6) From phosgene and zinc methyl. 

By decomposition : (7) By the oxidation of acetone and many mixed methyl 
ketones. 

(8) By the decomposition of many unsaturated acids of the oleic series when, 

fused with potassium hydroxide. / 

(9) From acetoacetic ester by means of alcoholic potassium hydroxide. 

(10) By heating malonic acid. 

Finally, a rather remarkable synthesis consists in allowing air and potassium 
hydroxide to act on acetylene in diffused daylight (Berthelot, 1870); 

. CH=CH+H, 0 + 0 =CHa.C 00 H. 

Historical, —At the close of the eighteenth century Lavoisier recognized the 
fact that air was necessary for the convxrsion of alcohol info acetic acid, and 
that its volume was correspondingly diminished during the process. In 1830 
Dumas converted the acid, by means of chlorine, into trichloracetic acid ; whilst 
the reconversion of the latter* into the parent acid, by potassium amalgam and 
water, was demonstrated by Melsens in 1842. But when, in 1843, Kolbe succeeded 
in producing trichloracetic acid (p. 287) from its elements, the first synthesis of 
acetic acid was accomplished. • 

Acetic acid is produced (i) by the oxidation of ethyl alcohol and 
liquids containing this alcohol. It is customary, depending upon 
their origin, to distinguish wine vinegar, fruit vinegar, and malt vinegar, 

(i) The Quick-vinegar Process (Schutsenbach, 1823).—The acetic fermenta¬ 
tion of alcoholic liquids consists in the transference of the oxygen of the air 
to the alcohol (Pasteur). This is effected by the acetic ferment, the “ mother 
of vinegar,'*— Mycoderma aceti, Micrococcus aceti, 01 Baciertum aceti* —the 
germs of which are always present in the air. In this process, by an enlarge¬ 
ment of the contact surface of the alcoholic liquid with the air, there ensues an 
accelerated oxidation Large wooden tubs are filled with shavings previously 
moistened with vinegar, upon which diluted (ten per cent.) alcoholic solutions^ 
are poured. The lower pa/t of the tub, exposed in a warm room (25-30"), is 
provided with a sieve-like bottom, and all about it are holes permitting the 
entrance of air to the interior. The liquid collecting on the bottom is run through 
the same process two or three times, to ensure the conversion of all the alcohol 
into acetic acid. 


* Vorlesungen dber Bacterien von A. de Bary, 1887. Die Oilhrungsehemie 
von Adolf Mayer, 1895. 
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(2) Wood Vine0ar Pn)««s2.—Considatable quaatities of acetie acid an also 
obt^ed by the dry distillation at wood in cast-icon retorts, a process already 
referred to when (hscusaing m^yl alcohol (p. Z09). The aqueous distillate, 
consisting of acetic acid, wood spirit, acetone, and empyreumatic oils, is neutralised 
with soda, evaporated to dryness, and the residual sodium salt heated to 230- 
250^. In this manner, the greater portion of the various organic admixture 
is destroyed, sodium acetate remaming unaltered. The salt purified in this 
way is distilled with sulphuric acid, when acetic acid is set free and purified by 
farther distillation over potassium chromate. 


Propertits .—^Anhydrous acetic acid at low temperatures consists of 
a leafy, crystalline mass —glacial acetic acid —^which, on melting, forms 
a liquid of sharp and penetrating odour. It mixes with water in all 
proportions; at first a contraction ensues, consequently the specific 
gravity increases until the composition of the solution corresponds with 
the hydrate, C2H4O2+H2O (=CH3.C(OH)3), Di5=i‘0754 (77-80 per 
cent.). On further dilution, the specific gravity becomes less, until a 
43 per cent, solution possesses about the same specific gravity as 
anhydrous acetic acid. Ordinary vinegar contains about 5 per cent, 
of acetic acid. Acetic acid is an excellent solvent for many carbon 
compounds. Even the halogen acids dissolve* readily in glacial acetic 
acid (B. 11, 1221). Pure acetic acid should not decolorize a drop of 
potassium permanganate solution. It may be detected by conversion 
into volatile acetic ether when heated with alcohol and sulphuric acid 
(p. 267), or by the formation of cacodyl oxide (p. 176). 

Acetates. —^The acid combines with one equivalent of the bases, 
forming readily soluble, crystalline salts. It also forms basic salts 
with iron, aluminium, lead and copper ; these are sparingly soluble in 
water. The alkali sdts have the additional property of combining 
with a molecule of acetic acid, yielding acid salts, such as C2H3O2K+ 
C2H4O2, acid potassium acetate. 

Potassium Acetate, CgHaO^K, deliquesces in the air and dissolves readily 
in alcohol. The aetd salt, CjH.KOj.CjH*©,, m p. 148®, crystallizes out in pearly 
leaflets. The salt, C,H,0,K+2C,H40„ m.p. 112", is decomposed at 170® into 
acetic acid and the neutral salt. 

Sodium Acetate, C;H, 0 ,Na f3HgO, crystallizes in large, rhombic prisms, 
which effloresce on exposure When heated, the anhydrous salt lemams un¬ 
changed at 3x0®. 

Ammonium Acetate, C,H,0|NH4, is a crystalline mass. Heat applied to 
the dry salt converts it into water and acetamide (C. 1903, I. 386). Calcium 
Acetate, (C,H,Og),Ca+H, 0 , and Barium Acetate, (C,HjO,),Ba+H| 0 , dissolve 
readily in water. 

Ferrous Acetate, (CtH40,),Fe, readily oxidizes in aqueous solution to insoluble 
basic feme acetate. Feme Acetate, (C4H,0,),Fe,. is not crystallizablc. On 
boiling, basic ferric acetate is precipitated. AlumintumAceiate behaves similarly. 
Both salts are employed as mordants m dyeing, as they are capable of unitmg 
with the cotton fibre. The basic salts product on the application of heat are 
capable of retaining dyes. 

Normal Lead Acetate, (C,Hj0j),Pb4-3H,0, is obtained by dissolving litharge 
in acetic acid. The salt forms bnlliant four-sided prisms, which effloresce on 
exposure. It possesses a sweet taste (hence called higar of lead), and is poisonous. 
If an aqueous solution of lead acetate be boiled with ytharge. baste lead acetates, 
of varying lead content, e g. CjH^OjPbOH and C|H, 0 ,Pb. 0 .Pb .0 Pb.CaHsO^, 
are produced. Ihese solutions react alkaline, and alwrb carbon dioxide from 
the air, depositing basic carbonates of lead— white lead. 

Uad Tetra-aestate, (C,H,Oj)4pb, is obtained when minium is dissolvod 

TOL. 1. • 
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hot glacial acetic acid. From the filtrate colourless monoclinic prisms separate; 
m.p. 175® (B. 29 , R. 342; C. 1903. 1879). 

Copper Acetate^ (CsHaOt)|Cu4-HtO, is easily soluble in water. Basic copper 
salts occur in commerce under the name of verdigris. They are obtained by dis¬ 
solving copper strips in acetic acid in presence of air. The double salt of acetate 
and arsenite of copper is the so-ca]led Schweinfuri Green. 

Siher Acetate, CaHaOgAg, separates in brilliant needles or leaflets. The salt 
is soluble in 98 parts water at 14® C. 

The decompositions of the acetates have already been considered; 
summarized they are: 

(1) Potassium acetate, when electrolyzed, yields ethane (p. 73). 

(2) Sodium acetate, heated with soda-lime, yields methane (p. 72). 

(3) Potassium acetate and arsenious oxide, on the application of 
heat, yield cacodylic oxide (p. 177). 

(4) Ammonium acetate loses water when heated, with the formation 
of acetamide (p. 277). 

(5) Calcium acetate is decomposed by heat into acetone (p. 190,222). 

(6) Calcium acetate and calcium formats, heated together, 3deld 
aldehyde (p. 190). 

(7) Calcium acetate and the calcium salts of higher fatty acids 
when heated yield mixed methyl alkyl ketones (p. 190). 


PROPIONIC ACID. BUTYRIC ACIDS. VALERIC ACIDS 

The following table contains the melting points (B, 29, R. 344), 
the boiling points, and the specific gravities of the normal acids and 
their isomers:— 


Name. 


Propionic Acid, Methyl Ace¬ 
tic Acid. 

n-Butyric Acid, Ethyl Acetic 
Acid . . .... 

Isobutyric Acid, Dimethyl 
Acetic Acid .... 
n-Valcric Acid, n-Propyl 
Acetic Acid .... 
Isovaleric Acid, Isopropyl 
Acetic Acid .... 

Methyl Ethyl Acetic Acid 

Trimethyl Acetic Acid, 
Pivallic Acid .... 


Formula. 

M. P. 

B. P. 

Specific 

Gravity. 

1 

CHgCHg—COgH ! 

-36-4° 

140® 

0*9920 (18®) 

CH,(CHg)gCOgH 

r I * • 

— 

163“ 

0 9587 (20®) 

ChJ>CH—CO.H 

—79° 

’ 155“ 

0*9490 (20®) 

CH,(CHg),CO,H 

-59“ 

186® 

0 9568 (0®) 

C,H,CHg—COgll 

T T 

-51’ 

174“ 

0*9470 (0®) 

CH|>CH-C 0 .H 

1 

175 * 

0*94x0 (21®) 

(CH,),C.CO*H 

+35“ 

163® 

•Ml 


Proplonls AM, Methyl AcAic Acid [Propane Acid], CHg.CHg.COgH, may be 
prepared by the methods is general use in making fatty acids ; (i) by the oxida¬ 
tion of n-propyl alcohol and propyl aldehyde with chromic acid; (2) by reduction 
of acrylic acia{’p, 294) and propargylic acid (p. 303); (3) by reduction of lactic acid, 
CH..CH(OH).COaH, and glyceric acid, CH.OH.CHOH.COgH; (4) {syntheticaUy) 
from ethyl akokot by its conversion, through ethyl iodide, into ethyl cyanide or 
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propionitrile; (5) from sodium ethoxide and carbon monoxide; (6) from sodium 
ethyl or magnesium ethyl bromide and carbon dioxide; (7) {by decomposition) 
in the oxidation of methyl ethyl, methyl propyl and diethyl ketone; (8) by 
the action of alcoholic potassium hydroxide on methyl acetoacetic ester with 
the simultaneous production of ethyl methyl ketone; (9) from methyl malonic 
acid or isosuccinic acid by the application of heat. 

Its formation from malate and lactate of calcium by fermentation is worthy 
of note (B. 12, 479: 17» 1190). Gottlieb first discovered propionic acid in 1S47, 
when he fused sucrose with potassium hydroxide. Dumas gave the acid its 
namej derived from irpwror, the first, ftw, fat, because when treated in aqueous 
solution with calcium chloride it separated as an oil. It is the first acid which 
in its behaviour approaches the higher fatty acids. 

The barium salt, (C,H,09)|Ba-t-Hs0, crystallizes in rhombic prisms: silver 
salt, CjH^OjAg, dissolves sparingly in water. • 

Butyric Acids, C4Hg02. 

Two isomeric acids are possible : 

(1) Normal Butyric Acid, Ethyl Acetic Acid [Butane Acid], butyric 
acid of fermentation, occurs free and also as the glycerol ester in 
the vegetable and animal kingdoms, especially in the butter of cows 
(to the amount of about five per cent,, together with glycerides ol 
palmitic and oleic acids), in which Clievreul found it, in the course 
of his classic investigations upon the fats. It exists as hexyl ester in 
the oil of Heracleum giganteum, and as octyl ester in Pasiinaca saliva. 
It has been observed free in the perspiration and in the body fluids. 
It may be obtained by the usual methods employed for the prepara¬ 
tion of fatty acids, and is produced in the butyric fermentation of 
sugar, starch and lactic acid, and in the decay and oxidation of 
proteins. 

Ordinarily the acid is obtained by the fermentation of sugar or starch, induced 
by the previous addition of decaying substances, e.g. cheese, in the presence of 
calcium or zinc carbonate, which are intended to neutralize the acids as they form. 
According to Fite, the butyric fermentation of glycerol or starch is most advan¬ 
tageously evoked by the direct addition of schizomycetes, especially Bacillus 
subtxhs and Bacillus boocopneus (B. 11, 49, 53 ; 29, 2726). 

But 3 rric acid is a Jfchick, rancid-smelling liquid, which solidifies when 
cooled. It dissolves readily in water and alcohol, and may be thrown 
out of solution by salts. 

The calcium salt, (C4H,0,)tCa-f-HiO (A. 213, 67), yields brilliant leaflets, 
and is loss soluble in hot than in cold water (in 3*5 parts at 15°); therefore the 
latter grows turbid on warming (B. 80, 295O). 

(2) Isobatyrio Acid, Dimethyl Acetic Acid [Methylpropane Acid], 
(CH3)2.CH.C02H, is found free in St. John's Bread, the pod of the 
carob- or locust-tree, Ceraionia siliqua, as octyl ester in the oil of 
Pastinaca saliva, and as ethyl ester in croton oil. It is prepared 
according to the general methods (p. 251). Concentrated nitric acid 
converts it into dinitropropane (p. 155) ; ^and potassium perman¬ 
ganate oxidizes it to a-hydroxyisobutyric acid^ 

Isobutyric acid bears great similarity to normal butyric acid, but is not 
miscible with water. 

The calcium salt, (C4H|0|)tCa+5Ha0, dissolves more readily in hot than 
in cold water. 
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yalerio Aoids, C5Hio02. There are four possible isomers (comp, 
table, p. 258): 

(1) Normal Valeric Acid, n-PropylaceHc Acid [Pentane Acid],CH,.(CH|),.- 
COgHj is formed according to the usual methods (p. 251, et seq,). 

Ordinary valeric acid occurs free, and as esters in the animal and 
vegetable kingdoms, chiefly in the small valerian root {Valeriana 
officinalis), and in the root of Angelica Archangelica, from which it 
may be isolated by boiling with water or a soda solution. It is a 
mixture of isovaleric acid with the optically active methyl ethyl acetic 
acid, and is therefore also active. A similar artificial mixture may be 
obtained by oxidizing the amyl alcohol of fermentation (p. 120) with 
chromic acid mixture. Valeric acid combines with water and 5delds 
a hydrate, C5H10O2+H2O, soluble in 26*5 parts of water at 15°, 

(2) Isovaleric Acid, Isopropyl Acetic Acid [3-Methyl-butane Acid], 
(CH3)2.CH CH2.CO2H, may be synthetically obtained by some of the 
methods described on p. 252. It is an oily liquid with an odour re¬ 
sembling that of valeria,n. 

Potassium permanganate oxidizes isovaleric acid to ) 3 -hydroxyisovaleric acid, 
(CH,),.C(OH).CH,.COjH. Concentrated nitric acid attacks, in addition, the CH- 
group, iovming methyl hydroxysuccinic acid, p-nitroisovaleric aetd, (CH,),.C(NO,).- 
CHj.COjH, and ^-dinttropropane, (CHj)jC(NOj)| (B. 16 , 2324). (Comp, the 
behaviour of isobutyric acid.) 

The isoualeraies generally have a greasy feel. When thrown in small pieces 
upon water they have a rotary motion, dissolving at the same time ; barium salt, 
(CfH^Oij^Ba; calcium salt, (C,H,0,),CaH-3H|0, forms stable, readily soluble 
needles; xiwc salt, (C,H,0,),Zn-|-2H,0, crystallizes in large, brilliant leaflets; 
when the solution is boiled a basic salt separates. 

PH * 

(3) Methyl Ethyl Acetic Acid, [2-Methyl-butdne Acid], ^•>CH.CO,H. con¬ 
tains an asymmetric carbon atom, and, like its corresponding alcohol (p. xao), 
may exist m two optically active and one optically inactive modification. The 
optically inactive form has been synthesized, and has also been resolved by 
means of its brucine salts into its optically active components. The /-salt 
dissolves with difficulty. The specific rotatory power of the optically active 
methyl ethyl acetic acid is =±17° 85' (B. 32 , 1089). 

C^cium so//, (C,Hf0,)iCa-f5H|0. • 

An optically active methyl ethyl acetic acid is present in valerian and angelica 
roots together with isopropyl acetic acid, as already mentioned, and also in 
the products of oxidation of fermentation amyl alcohol (A. 204 , 159). Pure 
tf-methyl ethyl acetic acid is prepared by the oxidation of pure /-amyl alcohol 
(p. 120) (D. 37 , 1045); and has been found in the break-down products of 
convolvulm (Vol. II.). 

(4) Trlmethyl Acetle Acid, PivalicAcid, [Dimethyl-propane Acid], (CHa)s- 
C.COjH). is formed from tertiary butyl iodide. (CH,),CI (p. 134), by means of 
the cyanide ; also by the oxidation of pinacoline (p. 224). The acid is soluble in 
40 parts H3O at 20^, and has an odour resembling that of acetic acid. 

Bar%um 5 ^/, ,(CtH,0,),Ba-f-5Ha0; calcium salt, (CgH|0|)sCa-|-5Ha0 (C. 
1898, 1. 202). 


HIGHER FATTY A<5lDS 

The subjoined tabic contains the melting and boiling points of the 
higher fatty acids, beginning with those containing six carbon atoms. 
The boiling points enclosed in parentheses were determined under 
100 mm. pressure: 
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Name. 

9 

Fonnula. 

M. P. 

B. P. 

n-Hexoic Acid, n-Caproic Acid . 

CH,.(CH,)4C0.H 

-1-8“ 

205“ 

Isobutyl Acetic Acid (B. 27, 




R. xgi) . 

(CH,),CH[CH,],COjH 

— 

198“ 

sec -Butyl Acetic Acid (±3, 20, 

(C,H,)(CH,)CHCH,CO,H 



R 03 ^) 

— 

*74° 

Diethyl Acetic Acid 

[;*h*>chco,h 

.... 

190® 

193“ 

Methyl n-Propyl Acetic Acid 

L^S*>chco.h • 


IQI® 

Methyl Isopropyl Acetic Acid 

/CjHr ^ ■ 

if XT \ 



Dimethyl Ethyl Acetic Acid 



187® 

n-Heptoic Acid, (Enanthyhc 




Acid. 

CH3(CH,)4C0,H 

— 105“ 

223® 

Methyl n-Butyl Acetic Acid . 

• 

c%:>chco.h 


210® 

Ethyl n-Propyl Acetic Acid 



209® 

Methyl Diethyl Acetic Acid 

(c.S“:>cco.h' 


208® 

n-Octoic Acid, Caprvhc Acid 

CH,(CH,),CO,II 


237“ 

n-Nonoic Acid, Pelai{,onic Acid . 

CH3(CII,),C0,H 


254"* 

Capnc Acid. 

CH,(rH.),CO,H 

31 4 

270“ 

D-Undecyhc Acid . 

CH.(CHj),CO,H 

2b 5® 

(ar2 5“) 

Launc Acid . 

cii,(( Hjj.oCOjH 

43 5 ® 

(^25°) 

n-Tndecylic Acid . 


40 5“ 

(*36°) 

n-Myristic Acid 

CII,(CH,),3C03H 

53 - 8 ° 

(220 5®) 

n-Pentadecatoic Acid (B 27, 




R 191) .... 

(H,(C H,).,C 03 lI 

51° 

(260®) 

Palmitic Acid .... 

CH,{CH4h4CO,H 

62“ 

(278-5'’) 

Margaiic Acid .... 

CH,(CH,)„f O.H 

59 9“ 

(280 5«) 

Stearic Acid 

CH,(CH,).,CO,H 

69 2® 

{291°) 

Di-n-octvl Acetic Acid . 

rcH,{CH.),],cnco,H 

38 5° 

—- 

Ar.ichidir Acid . 


75° 

— 

Behenic A<.id • • • . • 


83’ 

— 

Cerotic Acid. 

Of C4fH440| 

78” 


Melisstc Acid .... 


90® 

“ 


The normal fatty acids in the preceding list, having an even number 
of cat bon atoms, occur almost exclusively in the natural oils and fats, 
which are chiefly glycciidcs of these acids. Palnutic and stearic acids 
possess great technical importance. 

Caproio Acid, n-Hexotc Acid, CH3(CH2)4C02H, occurs in the 
form of its glycerol ester in cow's butter, goat butter, and in coconut 
oil. It is produced, together with butyric acid, in the but5a‘ic fermen¬ 
tation. 

(Enanthylio Acid, n~Heptoic Acid, CH8(CH2)6C02H, can easily be 
obtained as an oxidation product of cenanthol (p. 201). 

Caprylio Acid, n-Octoic Acid, CH3(CH2)eC02H. occurs as its glycerol 
ester in goat butter and in many fats and oils ; also m the fusel-oil of 
wine. 

Petarsonlo Aeld, n-Nonoie acid, CH,(CH,),CO,H. is present in the leavw of 
Palargonium roseum, and is prepared by the oxidation of oleic acid and oil 
of rue (methyl n-%onvl ketone, p. 224). It may also bo obtamed by the fusion 
of undecylemc acid with potas^um hydroxide. 
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Caprlti Actd, n^Decylic Acid, CHs(CHt),COsH, is present in butter, goat 
butter, in coconut oil and in many fats, and as its amyl ester in fusel oil. It is 
the first normal acid that is solid at the ordinary temperature. 

n-UndeoyllC Acid, CHa(CHt)tCX>,H, is obtained by reduction of undecylenic 
acid from castor oil. 

Laurie Acid, n-Dodecylic Acid, CH3(CH,)i,C08H, occurs as its glycerol ester 
in the fruit of laurels, Laurus nobilis, in coconut oil (C. 1904, 1 . 259), and in 
pichurim beans. It is found as its cetyl ester in spermaceti. 

Myrlstie Acid, n-Tetradecylic Acid, CH,.(CHa)i,CO,H, occurs in muscat 
butter (from Myristica moschata), in spermaceti and coconut, in myristin 
(B. 18 , 2011 ; 19 , 1435)* in earth-nuts (B. 22 , 1743), in ox-bile (B. 25 , 1829), 
and as free acid, as well as-its methyl ester, in iris root (B. 26 , 2677). 

Palmitic KiAi.,Ti-Hexadecylic Acid, CH3(CH2)i4C02H.—^The glycerol 
ester of this acid and that of stearic acid and oleic acid are the 
principal constituents of solid animal fats. Palmitic acid occurs 
in rather large quantities, partly uncombuied, in palm oil. Sper¬ 
maceti is the cetyl ester of the acid, whilst the myricyl ester is the chief 
constituent of beeswax.* The acid is most advantageously obtained 
from olive oil, which consists almost exclusively of the glycerides of 
palmitic and oleic acids; also, from Japan wax, a glyceride of 
palmitic acid (B. 21, 2265). The acid is artificially made by heating 
cetyl alcohol with soda lime to 270° ; also by fusing together oleic acid 
and potassium hydroxide. 

Margaric Acid, n-Hefyiadecylic Acid, CH3(CH2)i5CO,H, docs not apparently 
exist naturally in the fats (B. 38 , 1247). It is made in the laboratory by 
boiling cetyl cyanide with potassium hydroxide. 

Stearic Acid, n^Octodecylic Acid, CH3(CH2)i6C02H, is associated 
with palmitic and oleic acids as a mixed glyceride in solid animal fats 
—the tallows. Its name is derived from crrcap^tallow. 

Arachidie Acid, CH|(CH|)i 3 C 03 lI, occurs in earth-nut oil (from Arachis 
hypogaa). It has been obtainetl synthetically from acetoaert ic ester and octodecyl 
iodide (from stearyl aldehyde) (B. 17 , It. 570). For ^products derived from 
arachidie acid, see B. 29 , R. 852. Theobromic Acid, m.p. 72®, derived from 
cacao butter, appears to be identical with arachidie acid. 

Behenio Acid, €3,11440,, is found in the oil obtained from Moringa oleifera, 
and has been prepared by the reduction of iodobehenic acid from crucic acid 
(B. 27 , K. 577 : C. iiSg7, II. iioi). 

Cerotlc Acid, or C2fHB40, (H. 30 , 1418), occurs together with 

melissic acid, m a free condition in beeswax, and may be extracted from this 
by means of boiling alcohol. As its ceryl ester, it is the chief constituent of Chinese 
wax (B. 30 , 1415). Its name is derived from -wax. 

Mellssle Acid, m.p. 88®, is formed from myricyl alcohol (p. 121) 

when the latter is heated with soda-lime. It is a waxy substance^ and appears 
to be a mixture of two acids. 

The acids mentioned in the table, but not described here, have been prepared 
by the usual synthetic methods. Some of them will be encountered later in 
the form of oxidation or reduction products of complicated, complex aliphatic 
derivatives. 


SYNTHESIS AND DECOMPOSITION OF THE FATTY ACIDS 

The synthetic methods for the production of the fatty acids are not all equally 
well adapted for this purpose. Thus, methods 5, 6, and 7 (p. 2«) are restricted to 
the synthesis of the simplest members oi the series. Reactioiu more satisfactory 
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than these, and especially fitted for the synthesis of the higher mono- and dialkyl 
acetic acids, are based on the behaviour of acetoacetic ester and malonic eater 
(methods ii and 13). However, trialkylacetic acids cannot be synthesized in 
this way. It is only the fourth method of formation—^the synthesis of an acid 
cyanide from the iodide of an alcohol containing an atom less of carbon than 
the cyanide and the acid derived from it—that will lead to the synthesis of not 
only mono- and di-, but also of trialkyl acetic acids. The nitriles of the latter— 
e.g, of trimethyl acetic acid, dimethyl ethyl acetic acid, and diethyl methyl acetic 
acid —have been obtained from the iodides of the corresponding tertiary alcohols. 
The nitrile synthesis renders the formation of acids from alcohols possible, and 
inasmuch as acids can be reduced to aldehydes and alcohols by the fourth trans¬ 
position method (p. 255), the synthesis of these two*classes of bodies is made 
possible. Lieben, Rossi, and Janecek (A. 187 , 126), beginning with methyl 
alcohol, systematically prepared the normal acids and corresponding alcohols 
up to cenanthic acid, according to the following scheme : 

CH,OH- > CH,I —> CH3CN - • CHsCO,H - CH.CHO 

Methyl Alcohol. Methyl Iodide. Methyl Cyanide. Acetic Acid. Acetaldehyde. 


CHjOH 

(!:h. 

Ethyl Alcohol. 



CH,I- > CHjCN- > CHjCOaH-^ CH,.CHO 

lit I etc- 

CH, CH, CH, CH, 

Ethyl Iodide. Ethyl Cyanide. Propionic Acid. Propionic Aldehyde. 


The following reactions come into consideration in the brcaking-do>\ n or 
decomposition ot the normal fatly acids : 

(1) The method of formation 9 (p. 253) of carboxylic acids: oxidation of 
mixed methyl n-alkyl ketones, in which the CO-group remains in combination 
witli the methyl group. 

(2) T]:( reaction 10 (p. 255) of acid amides with bromine and potassium 
hydroxide. 

(3) The action of iodine on the silver salts. 

(4) The oxidation of the olefine carboxylic acids, produced by bromination 
and subsequent abstraction of HBr. 

(3) The heating of a-hydroxy-fatty acids, obtained from a-bromo- fatty acids, 
whereby the next lower aldehyde is obtained (comp. pp. 192, 193). 

I. The first of these reactions was employed systematically by F. Krafft 
for the breaking-down of stearic acid into normal fatty acids of known con¬ 
stitution. from which it was concluded that stearic acid and the lower homologues 
derived from it possessed normal constitution. Upon distilling barium stearate, 
(C],IJa(CO|)2Ba, and barium acetate, (CH,COs)|Ba, heptadecyl methyl ketone, 
C|,H|(COClls, results. .When this is oxidized it breaks down into margaric 
acid, C|gHsiCOsH, and acetic acid. Barium margarate and barium acetate 
yield hexadecyl methyl ketone, Ci,Hj,.CO.CH,, and this, by oxidation, passes into 
palmitic acid, and acetic acid. etc.: 


C„H,.C00.3 

Barium stearate 


(CH,CO,)^Ba 

C.,H„COCH, • 

distil ■ 


CmH„COO>®^ 

Barium Margarate. 




Ci,H»,COCH, 


CrO. 

- C,.H„CO,H 

Margaric Acid. 

- C„H,iCO,H 

Palmitic Acid. 


2. A.W. Hofmann (B. 19 , 1433) discovered the second method, which will be 
treated more fully in connection with the acid amides and nitriles (pp. ^74)1 
here only the diagrammatic representation of the gourse of reaction need be 
given. When the acid amides are treated with bromine an^ sodium hydroxide they 
lose the CO-group in the form of CO, and pass into the next lower primary amines, 
which, by further treatment with the same reagents, become converted into the 
nitrile of a carboxylic acid containing an atom less of carbon, and its amide is 
still capable of a like transformation. By this method the higher, more easily 
obtained, normal fatty acids can be changed into lower acids: 


C,,H„CONHt 

Myiliumids, 


C„H„NH, - 

TnaseyiAmiQ*. 




• C,,H„CONH 

TndtepUttIds. 
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3. Action of iodine on silver salts: silver acetate yieldSi in addition to 

CO3, the acetic methyl ester; silver capronate yields CO^ and caproic amyl 
ester (B. 26 , R. 581; 26 , R. 237): » 

2CH,CO,Ag-fIi=CH,CO,CH,-|-CO,+2AgI. 

4. Bromo-valeric acid, obtained from the fatty acid, gives up HBr to diethyl 
aniline or quinoline, becoming changed to ethyl acrylic acid. This olehne mono* 
carboxylic acid yields, on oxidation, propionic acid (C. 1899. 1 . 778): 

CH,CHs.CH,CH,.COOH- > CH,CH,.CH==CHCOOH- > CH,.CH,.COOH. 

Valeric Acid. Ethyl Acrylic Acid. Propionic Acid. 

5. a-Bromopclargonic*acid, from the simple acid, when boiled with aqueous 
potassium hydroxide, yields a-hydroxypelargomc acid, which gives octyl 
aldehyde on being heated to 260**: 

CH,[CHJ,CH,COOH-CH,[CH JXHBrCOOH- >- 

CH,[CHJ»CH{OH)COOH-^ CH,[CHJ^HO. 


TECHNICAL APPLICATION OF THE FATS AND OILS 

Animal fats, especially mutton and beef-tallow, the nature of which 
was made clear by the classic researches of Chevreul in the beginning of 
last century, consist mainly of a mixture of glycerol esters of palmitic, 
stearic, and oleic acids, which are commonly called palmitin, stearin, 
and olein. They have been used in the preparation of artificial butter 
(margarine), in the manufacture of stearin candles, soaps, and plasters 
from the acid esters contained in them, and for the isolation of glycerol, 
which is used in part as such and in part in the form of nitroglycerine^ 
Palm oil, coconut oil, and olive oil are also used as raw materi^. 

The so-called stearin of candles consists of a mixture of stearic and 
palmitic acids. For its preparation, beef-tallow and suet, both solid 
fats, are saponified with c^cium hydroxide or sulphuric acid, with 
superheated steam, or by the action of ferments present in some seeds, 
such as castor-oil beans (B. 87 , 1436). The adds which separate are 
distilled with superheated steam. The yellow, semi-solid distillate, 
a mixture of stearic, palmitic, and oleic adds, is freed from the liquid 
oleic acid by pressing it between warm plates. The residual, solid 
mass is then melted together with some wax or paraffin, to prevent 
crystallization occurring when the mass is cold, and moulded into 
candles. 

When the fats are saponified by potassium or sodium hydroxide, 
salts of the fatty acids— soaps —^are produced, c.g, sodium imitate, 
according to the equation : 

CHaO.CO(CH,)i4.CH, 

iHO.CO(CH ,-hsNaOH 

iH,O.CO(CH,*)„.CH, 

Palmitis. 

The sodium salts are solids and hard, whilst those of potassium are 
soft. Sodium chloride will convert potassium soaps into sodium soaps. 
In small quantities of water these salts of the ailmlis dissolve com¬ 
pletely, but with an excess of water they suffer decomposition, some 


CH..OH 

iH.OH 4*3CH,(CH,)i4COgNa. 
Glycerol+Sodium PalmiteU. 
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alkali and fatty acid being liberated. This is the cause of the emulsifying 
action of soap, whereby it is enabled to take up fatty materials, and so 
exercise its detergent action (B. 29 , 1328). The other metallic salts 
of the fatty acids are sparingly soluble or insoluble in water, but gene¬ 
rally dissolve in alcohol. The lead salts, formed directly by boiling 
fats with litharge and water, constitute the so-called lead plaster. 

The natural fats almost invariably contain several fatty acids. To separate 
them, the acids are set free from their alkali salts by means of hydrochloric 
acid and then fractionally crystallized from alcohol. The higher, less soluble 
acids separate out first. The separation is znoreT complete if the acids be 
fractionally precipitated. The free acids are dissolved in alcohol, saturated 
with ammonium hydroxide, and an alcoholic solution of magnesium acetate 
added. The magnesium salt of the higher acid will separate out first; this is 
then filtered off and the solution again precipitated with magnesium acetate. 
The acids obtained from the several fractions are subjected anew to the same 
treatment, until, by further fractionation, the melting point of the acid 
remains constant—an indication of purity. The melting point of a mixture 
of two fatty acids is usually lower than the melting points of both acids (the 
same is tiie case with alloys of the metals 

Lanolxm. or wool fat, is used in medicii 


DERIVATIVES OF THE FATTY ACIDS 


I. ESTERS OF THE FATTY ACIDS 


The esters of organic acids resemble those of the mineral acids in 
all respi’cts (p. 130), and are picpared by analogous methods. 

Methods of Formation, —(i) By direct action of acids and alcohols, 
whereby water is formed at the same time ; 


C,H,.0H-bC,H80.0H*CaH,.0.C,H,0+H,0. 


This reaction, as already stated, only takes place slowly (p. 131); heat hastens 
it, but it IS never complete. A detailed investigation into the formation of 
esters, winch is of iifiportance to the study of chemical dynamics, was carried 
out by Bertkelot, 

If equivalent quantities of alcohol and acid be mixed, after a certain time 
a state of equilibiium will prevail between alcohol, adid, ester, and water; if 
any further quantity of ester were formed it would be hydrolyzed back to alcohol 
and acid by the water. In the case of acetic acid and ethyl alcohol, for example, 
this point is reached when about two-thirds of the acid has been esterified. If, 
however, an excess of alcohol is added to the mixture, the point of equilibrium 
is shifted in the direction of increased ester formation, so that a mixture of one 
equivalent of acetic acid and eight equivalents of alcohol is only in equilibrium 
when 0'q45 equivalent of ester have been formed. The course of such a reaction 
is directed by the Law of Mass Action, developed by Guldberg and IVaagc (i 86 p, 
and by van *t Hoff, which enunciates that the reaction between two bodies 
is dependent, not only on their affinity constant, but also on their relative con¬ 
centrations, so that reactions between substances of slight affinity but in hmh 
concentration may balance those of high affinity and little concentration. Equili¬ 
brium is defined by the equation: « 


where and represent the two molecules resulting from the reacting molecules 
mi and m*, Ci, C*, C'l, C% their relative concentrations, * the affinity constant 
for Ml and Mt ut ^e direction of reaction towards >Mi and mg, and n' the affinity 
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constant of 1% and towards and m,. K is the constant for the mixture of 
all four compounds—alcohol, acetic acid, ester, and water. A collection of the 
various calculations applicable to such reactions is found in B. 17 , 2177; 19 , 
1700, Menschutkin has investigated tfie ester formation of various homologous 
series of acids and alcohols (A. 195 , 334: 197 , 193 ; B. 15 , 1445* ^ 57 ^ J 21 , 
R. 41). It was found that the normal primary alcohols possessed the same 
velocity of reaction except methyl alcohol, which showed an increased value. 
The secondary alcohols entered more slowly into combination, and the tertiary 
slowest of all. Among the acids, formic acid exceeded that of acetic acid, and 
this in turn the homologues, in the initial velocity of esterification ; apart from 
this they showed a diminishing velocity with increasing molecular complexity. 
Acids in which a primary alkyl group was contiguous to a carboxylic group, had 
a greater velocity than when a secondary alkyl group occupied that position, 
which in turn was greater than when a tertiary group was substituted. 

It can be seen that the process of esterification is favoured, i.e. the position 
of equilibrium can be displaced in the direction of complete reaction, by the 
withdrawal of the e.stcr as soon as it is formed, such as can occur if it is sufficiently 
volatile to Ije di.->lilled ofl. Further, the velocity of reaction, i.e. the time taken 
to reach equilibrium, can be greatly accelerated by the addition of mineral acids, 
such as hydrochloric, sulphuric, or other stroni? acids, which act as catalyzers, 
as they do, for instance, in tjie inversion of sucrose, etc. (B. 39 , 711, etc.). 

The above account indicates the working conditions for the preparation of 
esters, (a) A mixture of acid or its salt, alcohol and sulphuric acid is distilled. 
(b) Or, in the case of esters of slight volatility, the acid or its salt is dissolved in 
excess of alcohol, or the alcohol in the acid, and gaseous HCl is passed into the 
mixture; or else sulphuric acid is added, and the ester is thrown out by the addition 
of water. With many acids a very suitable esterifying agent is a dilute solution of 
hydrochloric or sulphuric acid in alcohol (B. 28 , 3201, 3215, 3252). In many 
cases it is advantageous to act on the carboxylic acid with an equivalent quantity 
of alcohol and an excess of sulphuric acid (C. 1905, I. 365). (See also Vol. II.: 
Esters of aromatic carboxylic acids.) 

The following are noteworthy methods of formation : 

(2) Double decomposition of the alkyl esters of mineral acids with 
salts of the organic acids : 

(a) By the action of the alkylogens on salts of the acids, e.g, 
iodoalkyls and silver salts: 

C,H,I-hCHjCOOAg=CH,COOC,H,-hA^I. 

(b) By the dry distillation of a mixture of the alkali salts of tlie 
fatty acids and salts of alkyl sulphates : 

SO,<°^***»+CH,COOK=CH,COOC,H, + SO,<°^ 

(c) The methyl ester can be prepared from the sodium or potassium 
salt of the acid and dimethyl sulphate (B. 37 , 4144 : A. 340 , 244): 

2CH3C00K + (CHa)jS04=2CH,C00l'Ha + K,S04. 

{3a) By the action of acid chlorides (p. 2C9) or acid anhydrides 
(p. 271) on the alcohols or alcoholates ; and by the action of anhydrides 
or acid chlorides on alcohols in the presence of tertiary bases such as 
pyridine (C. 1901, II. 1223J: 

C ,H ,OH + Cl I jCOCl=CH jCOOCjH ,+HCl. 

CtH.OH + (CH |C0),0 -CH,COOC»H j -1-CH gCOOH. 

In these reactions, it is sometimes more convenient to employ instead of the 
simple alcoholates, the halogen magnesium alcoholates ROMgX (prepared from 
alkyl magnesium halides and alcohols), on account of their solubility in ether 
(B. 89 . 1736)- * 
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(3J) By the action of acid chlorides on alkyl ethers in the presence 
of zinc chloride, e.g. ethyl ether and acetyl chloride yield chloromethare 
and ethyl acetate (C. 1907, I. 1265). 

(4) Acid nitriles are converted directly into esters when they are 
* dissolved in alcohol and are subjected to the passage of HCl gas, or are 

heated with a little dilute acid (p. 280). 

(5) Electro-S5mtheses of monocarboxylic esters (p. 253). 

Properties. —Usually, the esters of fatty acids are volatile, neutral 

liquids, soluble in alcohol and ether, but generally insoluble in water. 
Many of them possess an agreeable fruity odour, and are prepared in 
large quantities, as they find extended application as artificial fruit 
essences. Nearly all fruit-odours may be made by mixing the different 
esters. The esters of the higher fatty acids occur in the natural 
varieties of wax. 

Consult B. 14 , 1274 ; ,A. 218 , 337; 220 , 290, 319 ; 223 , 247, upon 
the boiling points, the specific gravities and specific volumes of the 
fatty acid esters. » 

Reactions .—(i) When the esters are heated with water they undergo 
a partial decomposition into alcohol and acid. This decomposition 
(saponification) (p. 251) is more rapid and complete on heating with 
^kalis in alcoholic solution : 

C,H,O.OCJl5 + KOH-C,HaO.OK 4 -C,H,.OH. 

Consult A. 228 , 257, and 232 , 103 ; B. 20 , 1634, upon the velocity of saponifi¬ 
cation by various bases. 

(2) Ammonia changes the esters into amides (p. 275): 

CjH30.0C,H54-NH,-=CjIl30.NH,-hC,H,.0H. 

(3) The halogen acids convert the esters into acids and haloid-esters (A. 211, 

178): 

C 3 Ha 0 . 0 .CjH 3 +III=CaH 30 . 0 H 4 -C,HJ. 

(4) By the action of PCI* the substituted hydroxyl oxygen is replaced by 
chlorine, and both radicals are converted into halogen derivatives. Compare 
oxalic ester for the course of this reaction : 

C,H30.0.C,ll6 + PCl3=C,H,0.Cl-fC,H,Cl+P0CI,. 

(5) The esters, containing alcohol radicals with high molecular weight, break 
down, when heated or distilled underpressure, into fatty acids and olefines (p. 83). 

(6) Esters are reduced by sodium in absolute alcohol solution to the alcohol 
corresponding with the acid radical (C. 1905, 11 . 1700): 

CHj(CH3)4COOC,n,- > CH,[CH3]4CHaOH. 

Esters of Acetie Acid. —The Methyl Ester, Methyl Acetate, C3H3O1.CH3, b.p. 
57*5®, Dq=o* 9577. occurs in crude wood-spirit. When chlorine acts on it 
the alcohol radical is first substituted : C3H3O3.CH3CI, b.p. 150^ ; C3H3O3.CHCI3, 
b.p. 148®. 

The Ethyl Ester, Ethyl Acetate, Acetic Ether, C,HaOj.C,H4. b.p. 77®, m.p. 
—82®, D3=ao*9238. is technically prepared from acetic acid, alcohol, and sulphuric 
acid, and constitutes the officinal Mther aceiicus. | It is the parent substance 
for the production of acetoacetic ester, CH3.CO.CHj.<;Oj.C3Hj, a step in the 
formation of antipyrine. Chlorine produces substitution compounds of the 
alcohol radicals. 

n-Propyl Ester, b.p. 101® ; Isopropyl Ester, b.p. 91* ; n^Bittyl Ester, b.p. 124* ; 
Isobutyl Ester, b.p. ri6® ; sec.-Btffy/ Ester, b.p. in® ; tert.-Butyl Ester, b.p. 96® ; 
TirAmyl Ester, b.p. 148®; n^Propyl Methyl Carhinol Acetate, 

CHO.COCHi, b.pk 133®; Isopropyl Methyl Carbinol Acetate, b.p. 125®, is decom* 
posed into amylenb and acetic acid at aoo®. 
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Isobuiyl Cwhinot Ac$tat$ ; acetie esisr of /ortnonioHon amyl aleohoi, b.p. r40*» 
in dilute alcoholic solution posessses the odour of pears and is emplovcd as 
*' pear oil/' It is used also in the varnish industry. 

Acetic n~Hexyl Ester, b.p. 169-170*^, occurs in the oil of Herackum giganieum, 
and possesses a fruit-like odour. Acetic n~Octyl Ester, b.p. 207^ is also present in 
the oil of Herackum giganteum, and has the odour of oranges. 

Allyl Ester, b.p. 98-100“. 

For higher acetic esters, see A. 283 , 260. 

Furthermore, the addition products of the aldehydes and acetic anhydride 
are the acetic esters (p. 195) of those glycols not capable of existing in a free 
condition. The aldehydes are probably the anhydrides of these bodies. 

Later, in the presentation of the polyhydric alcohols their acetic esters will 
always be described, for by their saponiHcation a clue can be obtained as to 
the number of hydroxyl groups present in the alcohol. 

Esters of Propionic Acid. —The Methyl Ester, b.p. 79*5®; Ethyl Ester, b.p. 
98*8*; Ti‘Propyl Ester, b.p. 122®; Isobutyl Ester, \ Isoamyl Ester, 

160®, has an odour like that of pine-apples (see A. 233 , 253). 

Esters of n-Butyrlo Acid. — Methyl ester, b.p. 102*3®, odour like that of 

apples; ethyl ester, b.p. 120*9®, has a pine-apple-like odour, and is employed in the 
manufacture of artificial rum. Its alcoholic solut.on is the artificial pxne-appk oil, 
n-Propyl ester, b.p. 143®; rlsopropyl Ester, b.p. 128® ; Isobutyl Ester, b.p. 157®; 
Isoamyl Ester, b.p. 178®, po.ssesscs an odour resembling that of pears; n-Hexyl 
Ester, b.p. 205 ; and n^Octyl Ester, b.p. 244®, are found in the oil obtained from 
various species of Herackum (see above); octyl ester occurs in PasHnaca saliva 
(A. 108 , 193 ; 160 , So ; 283 , 272). 

Esters of Isobutyrlc Acid, — MethylIsobutyricEster,h.^.I EthylIsobutyric 
Ester, b.p. no®; n-propyl ester, b.p. 135® (A. 218 , 334). 

Esters of the Valerio Acids. — n-Vakric Ethyl Ester, b.p. ^44® (A. 238 , 274); 
kx^Vakric Ethyl Ester, b.p. 135®; \so-Vakric Isoamyl Ester, b.p. 194“- 

Methyl Ethyl Acetic Ethyl Ester, b.p. 133*5® (A. 195 ,120); Trimethyl Acetic Ethyl 
Ester, b.p. 118® (A, 173 , 372). 

Esters of the Hexolc Acids. — n-Ethyl Ester, b.p. 167® ; Isobutyl Acetic Ethyl 
Ester, b.p. 161®, 

n-HeptoIe Ethyl Ester, b.p. 187-188®; n-Oetde Ethyl Ester, b.p. 207-208® 
(A. 233 , 282); n-Nonoic Ethyl Ester, b.p. 227-228®; n~Capric Ethyl Ester, b.p. 
243-245*; n-Capric Isoamyl Ester, b.p. 275-290® with decomposition, is the prin¬ 
cipal constituent of the fusel oil nf wine. 

Laurie Ethyl Ester, b.p. 269® ; Myrisiic Ethyl Ester, m.p. xo-ix®, b.p. 295®. 


Spermaceti and the Waxes. 

Some of the esters with high molecular weights occur already 
formed in spermaceti and the waxes. This fact has been noted in 
connection with the corresponding alcohols and acids. The waxes 
are distinguished from the fats in that they consist of esters of mono- 
hydric alcohols with high molecular weight, whereas the fats are the 
esters of the irihydric alcohol, glycerol. Spermaceti belongs to the 
wax variety. 

Spermaceti, Ceiaceum, occurs in the oil from peculiar cavities 
in the heads of whales (particularly Physeier macrocephalus), and 
upon standing and cooling it separates as a white crystalline 
mass, which can^ be purified by pressing and recrystalUzation from 
alcohol. It consists of Palmitic Cetyl Ester, C]eH3x02.CieH33, m.p. 
40®, which crystallizes from hot alcohol in waxy, shining needles 
or leaflets. It volatilizes undecomposed in a vacuum. Distilled 
under pressure, it }deld5 hexadecylene and palmitic acid. When boiled 
.with alcoholic potassium hydroxide it gives palmitic ^acid and cetyl 
alcohol (p. 122). 
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WaiM«—Ordinary beeswM, m.p. 6z--64*» ia a mixture of cerotic acid, 
or with Hyricyl Palmitate, Ci,H|tOa.C8oHii. Boiling alcohol extzacta 

the cerotic acid and the ester, myricin, remains (A. 224 , 225). 

Consult A* 235 , xo6, for other constituents of beeswax. 

Camal^ba wax, m.p. 83^ occurs in the leaves of the camuba tree, and contains 
^ free ceryl alcohol and various acid esters (A. 223 , 283). 

Chinese Wax or Insect Wax is obtained by the Coccus ceriferus, Fabr., from 
the Chinese ash, Fraxtnus chinensis. It consists mainly of Ceryl Ceroiate, 
CgsHis. m.p. Si**. It is decomposed into cerotic acid and ceryl alcohol 
by alcoholic potassium hydroxide. 


2 . ACID HALIDES, OR HALOID ANHYDRIDES < 3 F THE FATTY ACIDS 

The haloid anhydrides of the acids (or acid halides) are those 
derivatives which arise in the replacement of the hydroxyl of acids by 
lialogens ; they are the halogen compounds of the acid radicals. They 
have been termed haloid anhydrides, bcause they can be viewed 
as mixed anhydrides (p. 272) of the fatty acids and the halide acids, 
corresponding with the method ol formation (1^ of the acid chlorides. 

Acid Chlorides.—(x) From fatty acids and hydrochloric acid, by 
means of P2O5: 

p.o* 

CHa.COOH+HCl- > CHj.COCl+HjO. 

(2) By the action of hydroclJoric acid gas on a mixture of an 
acid nitrile and a carboxylic acid or an anhydride at 0®. The hydro¬ 
chloride of the acid amide is produced at the same time (B. 29 | R. 87): 

CHsCN+CH,COOH-f2HCl=-CHjCONnj.HCl-hCH8COCl. 

(3) By the action of chlorine on aldehydes: 

CH,COH -f CIj =CH,COCl -hHCl. 

(4) A far more important method of formation consists in acting 
with phosphorus halides on the acids or their salts—just as the 
alkylogcns are prodi^ced from the alcohols (p. 132): 

(а) CHjCOOH +PC 1 . =CH,COCl -hPOClj+Ha 

(б) 3CH8C00H+PCU=3CH,C0Cl-l-H,PO8 

(c) 2CH8C00Na+P0a,=2CH,C0CH-NaP08+Naa. 

Should there be an excess of the salt in the latter case, the acid will also act 
on it, producing acid anhydrides (p. 271). The action, particularly upon the 
salts, is very violent. 

(3) Carlin oxychloride (B. 17 , 1285 ; 21 , 1267) and thionyl chloride (C. 
1901, II. 327) react similarly to the phosphorus chlorides on free acids and their 
salts ; as well as ^-toluene sulphochloride or sodium chlorosulphonatc, NaOSO|Ci, 
on the salts (C. 1901, 11 . 5x8; 1904, 1 . 65) when acid chlorides and anhydrides 
are formed: 

C,H.O.OH+C 0 C 1 ,=C,H 80 C 1 +CO,-hHCl 

CHsCOONa-HNaOSO,Cl=CH 8 C 0 C 1 -f {NaO),SOi. 

(6) Acid chlorides are also produced by the interacyon of phosgene and sine 
alkyl? (p. 252). 

Historical, — Liebig and Wbhler obtained the first acid chloride in 1832, when 
they treated benaaldehyde, CaH^COH, with chlorine. It was benzoyl chloride, 
CjHjCOCl, the chloride of the simplest aromatic acid—benzoic acid. In 1846. 
Cahtmrs discovered the method producing aromatic acid chlorides by the 
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action of phosphorus pentachloride on monocarboxylic acids. Acetyl cklofide 
was first prepared in 1851 by Gerhardt (A. 87 , 63) by treating sodium acetate 
with phosphorus oxychloride. 

Acid Bromides. —(1) The phosphorus bromides act like the corresponding 
chlorides on the fatty acids or their salts. A mixture of amorphous phosphorus 
and bromine may be employed as a substitute for the bromide itself. 

(2) An interesting method for preparing the bromides of brominated acetic 
acid consists in acting with air on certain bromide derivatives of ethylene, 
whereby oxygen is absorbed, and an intramolecular atomic rearrangement 
(p. 36) takes place (B. 13 , 1980; 21 , 3356, II. 702): 

o 

unsym.-Dibromethylenc, CHj»=CBr,-^ CH,Br.COBr, Bromacetyl Bromide. 

• O 

Tribromethylene, CHBr — CBr, ——CHBr,.COBr, Dibromacetyl Bromide. 

Acid Iodides. —Phosphorus iodide does not convert the acids into iodides of 
the acid radicals; this only occurs when the acid anhydrides are employed. 
They are also produced by the interaction of acid chlorides and calcium iodide. 

Acid Fluorides .—Acetyl Fluoride is a gas with an odour resembling that of 
phosgene. It is formed in the action of AgF or AsF, on acetyl chloride. 
A better procedure consists in allowing acid chlorides to act on anhydrous 
zinc fluoride. 

Propionyl Fluoride, CH,.CH,.COF, b.p. 44® (C. 1897, 1 . 1090). 


Properties and Reactions, —The acid halides are sharp-smelling 
liquids, which fume in the air. They are heavier than water, and at 
ordinary temperatures (i) decompose, forming carboxylic acids and 
halogen acids. The more readily soluble the resulting acid is in 
water, the more energetic will the reaction be. 

The acid chlorides act similarly on many other bodies. (2) They 
yield compound ethers, or esters, with Ihe alcohols or alcoholates 
(p. 26b). (3) With salts or acids they yield acid anhydrides (p. 271), 
and (4) with ammonia, the amides of the acids, etc. (p. 274). (5) Ter¬ 

tiary amines withdraw HCl from the acid chlorides, possibly witli the 
intermediate formation of ketones^ R2C=CO, which undergo further 
change. Acetyl chloride yields dehydracetic acid, C8Hg04 (q,v ,); 
isobutyl chloride gives tetramethyl diketo-cyclo-bntene [(CH3)2C.CO]2 
(Vol. IL) (B. 39 ,1631). 

(6). Sodium amalgam, or better, sodium and oxalic acid (B. 2, 98), 
will convert the acid chlorides into aldehydes and alcohols (p, 
191), which can be further reduced to primary alcohols (p. 104). 
(7) They yield ketones and tertiary alcohols when treated with the 
zinc alkyls (pp. 217 and 105). (8) By the action of silver cyanide 

they pass into the acid cyanides, which are described as the nitriles 
of the a-ketone carboxylic acids. {9) Di- and poly-carboxylic acids, 
having the power of forming anhydrides, are converted into their anhy¬ 
drides when treated with acid chlorides (especially acetyl chloride). 

Acetyl Chloride, Eihanoyl Chloride, CH3.CO.Cl, b.p. 55°, Do“i*i30 
is formed according to tl^e general methods applied in the production 
of acid clilorides, and, by carefully distilling a mixture of acetic acid 
(3 parts) and PCI3 (2 parts). Or, by heating POCI3 (2 molecules) 
with acetic acid (3 molecules), as long as HCl escapes, and then 
distilling (A. 176 , 378). The acetyl chloride is purified by a second 
distillation, this time over a little dry sodium acetate. It is a 
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colourless, pungent-smelling liquid. Water decomposes it very 
energetically. For its reactions, consult the preceding paragraphs. 

Acetyl chloride forms chlorinated acetic acids (p. 287) with clilorine. 
Compare acetyl acetone. 


Acetyl Bromide^ b.p. 8z*. Acetyl Iodide, b.p. zo8*. Propimyl Chloride, 
CHs.CHjCOCl, b.p. 80® ; bromide, b.p. 104®; iodide, b.p, 127®. 

Butyryl Chlor%de, C4H,OCl, b.p. loi* (B. 84 , 4051). Aluminium chloride 
changes it to triethyl phloroglucinol (B. 27 , R. 507 ; n-bromide, b.p. 128®; n- 
iodtde, b.p. 146®; Isobutyryl Chloride, (CHj)8CH.COCl, b.p. 92®, for reactions 
with tertiary amino bases, see p. 270 ; bromide, b.p. 116®. 

Valeryl Chloride, b.p. 107®; Isovaleryl Chloride, C^H^OCl, b.p. 114*5®; 
mide, b.p. 143® ; iodide, b.p. 168®. 

Trimethyl Acetic Chloride, (CHs)4CCOCl, b.p. 105-106®; u-Caproyl Chloride, 
CH8(CH,)4COa, b.p. 146®; Diethyl Acetyl Chloride, (C,H4),CHCOCl, b.p. 135®; 
Dimethyl Ethyl Acetic Chloride, (CHa)a(C,H,)C.COCl. b.p. 132®. 

Consult B. 17 , 1378; 19 , 2982 ; 28 , 2384, for the chlorides of the higher 
fatty acids. 

The boiling point of the normal acid chlorides shows an increase of 48® between 
each member of the series and its next but one higher member. This interval 
is made up of 28® between a chloride containing ai^ even number of carbon 
atoms and the next higher member, which, of course, contains an odd number, 
and 20® between this and the next higher which possesses an even number of 
carbon atoms (C. 1899, 1 . 968). 

With these acid chlorides or haloid anhydrides are connected the mixed 
anhydrides of a fatty acid with inorganic acids, such as nitric and nitrous acids, 
chromic acid, boric acid, aisenious acid. 

Diacetyl Orthomtric Acid, (Cn3COO)jN(OH)„ b.p. 128®, D„ = i*i97, results 
when fuming nitnc acid (D.^Z’4) reacts with acetic anhydride, or glaci^ acetic 
acid with nitric acid. It is a colourless liquid, fuming in air, and decomposed 
by water into acetic and nitric acids. It possesses an oxidizing and nitrating 
action. Excess of acetic anhydride converts it into tetranitromethane, C(N04)4 
(B. 35 , 2526 ; 86, 2225). 

Acetyl Nitrate, CH4COO.NO1, b.p.„ 22®, is prepared from N,Oj and acetic 
anhydride. It is a colourless mobile liquid, fuming in air. and explodes 
when rapidly heated. At 60® it evolves nitrous fumes and forms tetrarntro- 
metbane. With alcohol it forms a mixture of acetic and nitric esters which acts 
as a strong nitrating mixture for benzene derivatives (C. 1907. I- 1025). 

Acetyl Nitrite, CH,COO.NO, is obtained from silver acetate and NOCl, and 
forms an easily decomposed golden-yellow liquid (C. 1904# 

Acetyl Chromate, (CH4COO)Cr04H, results from mixing CrO, and glacial acetic 
acid (B. 36 , 2215). 

Tnacetyl Borate, m.p. 121®, io obtained trom and acetic anhydride. 

Alcohols produce from it boric ester, whilst carboxylic acids give rise to other 
mixed boric anhydrides, such as Tristearyl Borate, m.p. 71® (B. 86, 

22x9). 

Acetyl Arsenite, m.p. 82®, b.p.ai 165-170®, is formed from As, 0 , and acetic 
anhydride (C. 1906, 1 . 21). 


3. CARBOXYLIC ACID ANHYDRIDES, ACYL OXIDES 

The acid anhydrides are the oxides of the ajcid radicals. In those 
of the monobasic acids two acid radicals are united by an oxygen 
atom; they are analogous to the oxides of the univalent alcohol 
rascals—the ethers. 

The simple anhydrides, those containing two similar radicals, can usually 
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be distilled, whilst the mixed anhydrides, Mrith two dissimilar radicals, decompose 
when heated, into two simple anhydrides; 


CiHsOxq 


CjHjOxq I C5H*0.^q 


Hence they cannot be separated fronf the product of the reaction by distillation, 
but have to be dissolved out with ether. 

Formyl acetyl oxide, HCO.O.COCH«, however, can be volatilized unchanged 
under reduced pressure. 


Methods of Pormation.—(la) The chlorides of the acid radical 
are allowed to act on anhydrous salts, such as the alkali salts of the 
acids: 

C,H,OOK+C,H,OCl - 

{i6) The anhydrides of the higher fatty acids can also be produced by the 
action of acetyl chloride (B. 10 , iSSi) (A. 226 , 12 ; C. 1S90, I. 1070) on the 
free acids; in the latter case mixed anhydrides are also obtained. The action 
of the chloride on the free carboxylic acids is assisted by the presence of a tertiary 
base, such as pyridine, quinoline, or triethylaraine, which takes up the hydro¬ 
chloric acid set free during reaction (B. 34 , 2070; C. 190X, II. 543). 


(2) Phosphorus oxychloride (i molecule) acts on the dry alkali 
salts of the acids (4 molecules). The acid chloride, which is also 
produced, reacts immediately on its formation with the excess of 
salt; 

I Phase: 2C,H80.0K4-P0Cl8=2C,Hj0.Cl+KP0,-fKCl 

II Phase: C,Ha 0 . 0 K-fC,Ha 0 .Cl = (CjHa 0 ) 80 -fKCl. 

(3) Phosgene, COCla, acts like POCla. In this reaction acid chlorides are also 
produced (p. 269). 

(4) A direct conversion of the acid chlorides into the corresponding anhydrides 
may be eiiected by reacting with the former on anyhdrous oxalic acid (A. 
226 , 14): 

zCaHaOCl+C,04Ha=(C,HaO). 0 +2T-ICI H-COa-f-CO. 

Historical .—Charles Gerhardt {1851) discovered the acid anhydrides. The 
important bearing of this discovery upon the type theory has already been alluded 
to m the Introduction. 

Properties and Reactions .—^The acid anhydrides are liquids or 
solids of neutral reaction, and are soluble in ether. Their boiling 
points are higher than those of the corresponding acids, (i) Water 
decomposes them into their constituent acids: 

(CH,CO)aO+HaO*2CHaCOOH. 

(2) With alcohols they yield the esters (C. T906, II. 1043): 

(CHaCO)jO+CaHaOH-CHaCOOC,Hg-|-CH,COOH. 

(3) Ammonia and primary and secondary amines convert them 
into amides and ammonium salts: 

{CH,C 0 ), 0 + 2 NH,-CH,C 0 NHj+CH,C 00 NH 4 . 

{4) Heated with hydrochloric acid, hydrobromic and hydriodic 
acids, they decompose into an acid halide and free acid: 

(CH,C 0 ) 80 +HCl«CH.C 0 Cl-hCH,C 00 H, 
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(5) Chlorine splits them up into acid chlorides and chlorinated adds: 

(CH,C 0 ), 0 +C 1 ,-=CH,C 0 C 1 +C 1 CH,C 00 H. 

(6) Sodium amalgam changes the anhydrides to aldehydes and 
primary alcohols- 

(7) Aldehydes and acid anhydrides combine to form esters. 

Simple Anhydrides.—Acetic Anhydride [Ethane Acid Anhydride], 

(C2H80)20, b.p. 137°, Do=i’ 073, is a mobile, pungent-smelling liquid. 

It is prepared by distillation of a mixture of anhydrous sodium acetate (three 
parts) and POClg (one part); or of the product of reaction of equal parts of 
acetyl chloride and sodium acetate. The anhydride c<In then be dissolved unde¬ 
composed in about ten parts of cold water, and in this form may be used for 
acetylaling amino-bases in aqueous solution (C. 1905. H- 4^6 ; 1906, II. 1042), 

Propionic Anhydride, (CgHs),©, b.p. 168®. Butyric Anhydride, b.p. 199*. 
Isobutyric Anhydride, b.p. 181*5°. n-Caproic Anhydride, b.p. 242®, with decom¬ 
position. (Enanihic Anhydride, m.p. 17®, b.p.i, 164®. n-Oetylic Anhydride, m.p. 
—I®, b.p.i, 186®. Pelargonic Anhydride, m.p. 16®, b.p.^ 207®. Palmitic An¬ 
hydride, m.p. 64®. Stearic Anhydride, m.p. 71-77® (C. 1899, 1 .1070 ; B. 88. 3576). 

M 

MIXED ANHYDRIDES 

Acetyl Formyl Oxide, HCO.O.COCHj. b.p.ig29®, is prepared by mixing formic 
acid and acetic anhydride in the cold, a reaction ^\hich can be employed for the 
formation of higher homologues. At ordinary pressures it boils with partial 
decomposition. Quinoline liberates CO, and alcohols form formyl esters {Blkal, 
C. 1900, II. 750). For other mixed anhydrides, see B. 34 , 168. 

4. ACID PEROXIDES 

The peroxides of the acid radicals are prepared by heating the chlorides or 
anhydrides in ethereal solution with barium peroxide (Brodie, Pogg. Ann., 121 , 382), 
or by the action of the ice-cold chloride on sodium peroxide hydrate (B. 88, 
1043). Also, by the addition of pure hydrogen peroxide to acetic anhydrides 
(A. 298, 288): 

(C|Ha0)a0H-Ba0g = (C,Hj>0),0.-t-Ba0. 

Diacetyl Peroxide, m.p. 30®, b.p.,i 63®, possesses a sharp odour like ozone. It 
is insoluble in water, but easily soluble in alcohol and ether. It is very unstable 
and acts as a strong oxidizing agent, liberating iodine from a K1 solution, and 
decolorizing a solution of indigo. Sunlight decomposes it, and it explodes 
violently on heating. Water hydrolyzes it into acetic acid and Acetyl Peroxide, 
CH ,COOOn, which has not been isolated. Barium hydroxide solution decomposes 
it, forming barium acetate and barium peroxide. Propionic Peroxide, (CgHjO),Oi. 
is obtained from propionic anhydride and BaO|: it is a liquid (C. 1903, 1 . 958). 


5. THIO-ACIDS 

By the replacement of oxygen in a monocarboxylic acid by sulphur three 
results are possible; 

1. R'.CO.SH. Thio-acids, Carbothiolic acids. 

2. R'.CS.OH Thionic Acids. Carbolthionic acids (comp. Thiamides) 

3. R'.CS.SH Dithionic Acids, Carbithionic acids. 

0. Thio-acids. —The first thio-acid —thiacetic flcW.^CHj.COSH,—was obtained 
by KekuU (A. 90 , 309) when phosphorus pentasulphid« acted on acetic acid. 
In its preparation it is advisable to mix the P,S, with half its weight of coarse 
fragments of glass: 

5CaH,0.0H+PiS,=-5C,H,0.SH-|-P,0,. 

The thio^anhydrides arise in the same manner by the action of phosphorus 
sulphide on the acid anhydrides. The thio-acids are produced by the action 
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of acM chlorides on potassium hydrogen si^hide, or from phenyl esters and 
NaSH in alcoholic solnnon (C. 190$, 1 .816). Ihe disagreeably-smellmg thio-acids 
correspond with the thio-alcohols or mercaptans (p. 142), ttieir sulphanhydrideS 
with the acid anhydrides and the simple sulphides, and their disulphides with the 
peroxides and alkyl disulphides: ' 


CHjCHtSH 
Ethyl Mercaptae* 

(CHjCH,),S 

ttthyl Sulphide, 

(CH,CH.),S, 

Ethyl Diiulphida. 


CHjCOSH 
Thlacetlc Acid. 

(CH,CO),S 
Thlacetlc Anhydride, 

(CH,CO),S, 
Acetyl Disulphide. 


CH.CO,H 

Acetic Add. 

(CHaCO.O 
Acetic Anhydride. 

(CHsCO)aO, 
Acetyl Peroxide. 


The esters are obtained when the alkylogens react with the salts of the thio* 
acids, and the acid chlorides with the mercaptans or mercaptides. 

They also appear in the decomposition of alkyl isothioacetanilides with dilute 
hydrochloric acid : 

CHa.C<^*^>^»+HaO=CH,.CO.S.CaH,+NHa.C,Hg. 

Ethyl Isothioacetanilide. Tbioacetlc Ester. Aniline, 


Concentrated potassium hydroxide decomposes the esters into fatty acids and 
mercaptans. 

Thlacetle Acid, Methyl ^arhothiolic Acid, CHaCOSH. b.p. 93^ D,aBX‘074. is a 
colourless liquid. Its odour resembles those of acetic acid and hydrogen sulphide. 
It dissolves with difficulty in water, but readily in alcohol and in ether. This acid 
has been recommended as a very convenient substitute for hydrogen sulphide 
in analytical operations (C. 190Z, 1 . 1148), and is a suitable reagent for acctylat- 
ing amines (B. 35 , 110). The lead salt, (CaHaO.S)aPb, crystallizes in minute 
needles, and readily decomposes with the formation of lead sulphide (C. 1897, 1 . 
1090 ; II. 770). Ethyl ester, CiHjO.S.CjHj, b.p. 115®. 

When thiacetic acid is heated with zinc chloride, there is formed Tetraethenyl 
Hexasulphide, (CHaC)*S,. m.p. 224* (B, 36 , 204). On the formation of Thio~ 
propionic Acid, Ethyl Carbothiolic Acid, CjH,COSH, from ethyl magnesium 
bromide and carbon oxysulphide, see B. 36 , 1099. 

Acetyl Sulphide, {C,HjO)aS. b.p. 157®. is a heavy, yellow oil, insoluble in 
water. Water gradually decomposes it into acetic and thiacetic acids (B. 24 , 
3548,4251). 

Acetyl Disulphide, (C,HaO)aSa, is formed when acetyl chloride acts on 
potassium disulphide, or iodine on the salts of the thio-acid. 

b. Dithlonle Adda.—Just as carboxylic acids result from the treatment of acetyl 
magnesium halides with COj, so the doubly sulphur-substituted carboxylic acids, 
ditffionic acids, are prepared by the action of CSg on the alkyl magnesium halides: 

CH,MgI+0^- >■ CH,C<|^8^- >■ CH,C<p. 


They are reddish-yellow oils, of an offensive odour, which can be distilled 
without decomposition. They arc strong acids, easily oxidized in the air to 
solid, stable, yellow disulphides, RCSS.SCSR. 

Methyl DIthlonio Ao]d,CH,CS|H, b.p.,* 37®, D|^«i*24, is prepared from methyl 
magnesium iodide and CS^. It is a reddish-yellow oil, of an exceedingly pene¬ 
trating and repulsive odour; it dissolves with difficulty in water, but easily in 
organic solvents. Ethyl Dithionic acid, CiHbCSsH, b.p i, 48^ Propyl Dithionic 
acid, b.p.ia 59®. Isobutyl Dithionic acid, b.p.n 84®. Isoamyl Dithionic acid, b.p.^^ 
84® (B. 40 , 1725.) 


^ 6. ACID AMIDES 

These correspond with the amines of the alcohol radicals. The 
hydrogen of ammonia can be replaced by acid radicals, forming primary, 
secondary and tertiary acid amides : 

CH,CO,NHa (CHXO).NH (CHaCO).N 

AoeUiudt (prini^). DiMoUmide (woondwy). Tri^tamlde (tertiary). 
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The primary acid amides have as isomers, the imido-ethers (p. 381) of the 
lormula To benzamide (Vol. 11 .) is ascribed, not only the formula 

t but also since the silver salt and iodoethane give 

* OC H 

benzimido-ethyl ether, The sodium salt is the only one which. 


on reacting with iodoethane, gives a benzamide in which the imide group is 
ethylated. This is taken as evidence that the metal is most probably umted to 
the nitrogen atom according to the iso-imido formula. But as little can ^ 
deduced of the constitution of benzamide from a study of its salts as of that of 
acetoacetic ester, the nitroparaffins and similar compounds. 


The hydrogen of primary and secondary amines, like that of 
ammonia, can be replaced hy acid residues, giving rise to mixed 
amides. 

General Methods of Formation. —(i) By the dry distillation of the 
ammonium salts of the acids of this series. A more abundant 3deld 
is obtained by merely heating the ammonium salts to about 230® 
(B. 15 , 979), {Kundig, 1858). (This method was first applied (1830) 
by Dumas to ammonium oxalate with the production of oxamide): 

CH,C 0 . 0 NH 4 =CH,C 0 NH,+H, 0 . 

Ammonium Acetate. Acetamide. 

A mixture of the sodium salts and ammonium chlonde may be substituted for 
the ammonium salts. Consult B. 17 ,848, upon the velocity and limit of the amide 
production 


(2) By the action of ammonia, primary and secondary amines on 
the esters whereby Liebig, in 1834, obtained oxamide from oxalic 
ester: 

CH,CO.O.C,H, fNH,=CH,CO.NH,+C,H,.OH 

Acetamide. 

CH,CO.O.C,H,+C.H,.NH,=CH,CONHC,H,+C,H,.OH. 

* Ethyl Acetamide. 

This reaction takes place in the cold, particularly in the case of water-soluble 
esters; or the ester may be heated with an aqueous or alcoholic solution tA 
ammonia. 

It is one of the so-called reversible reactions, inasmuch as the action of alcohols 
on acid amides agam produces esters and ammonia (B. 22 , 24). 


(3) By the action (a) of acid halides, ( 5 ) of acid anhydrides on 
ammonia, primary and secondary alkylamines. This was the method 
which Liebig and Wohler first used in 1832 to prepare benzamide from 
benzoyl chloride. 

(3«) CHjCOCl -f-2NH,=CH,CONH, -l-NH^Cl 

Acetamide. 

CH,COCl-|-2NH,C,H,=CHgCONH C,H,-f-N(C,H,)H,a 

Ethyl Acetamide. 

CH,COa+2NH(C,H,),=CH,CON(C,H,),+N(C,H,),H,Cl 

DteUiyl Acetamide 

This method is especially well adapted for obtaining the amides of 
the higher fatty acids (B. 16,1728): 

{36) (CH,C0),0+2NH,«CH,C0NH,-}-CH,.C0,NH4 

(CH,C0),0+2NHgC,H,«CH,C0NHC,H,+CH,C0,NH,CgH.. 
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(4) * By the addition of one molecule of water to the nitrile^ of the 
aci^ (p. 278): 

CH,CN+H »0 (l8o")-CH,CONH,. 

Acetonitrile. Acetamide. 

k 

This addition of water frequently occurs in the cold by the action of concen¬ 
trated hydrochloric acid, or by mixing the nitrile with glacial acetic acid and 
concentrated sulphuric acid (B. 10 . io6z). Hydrogen peroxide in alkaline 
solution also converts the nitriles, with liberation of oxygen, into amides (B. 18 , 
^55). For the action of hydrochloric acid on a mixture of nitrile and fatty 
acid see (2), formation of acid chlorides. 

(5) By the distillation of the fatty acids with potassium thiocyanate: 

2C,H,O.OH4 >KSNC=C,HjO.NH,+C»H,O.OK-1 -COS. 

Simply heating the mixture is more practical (B. 15 , 978; 16 , 2291). 
In making acetamide, glacial acetic acid and ammonium thiocyanate are heated 
together for several days. By this reaction the aromatic acids yield nitriles. 

(6) By the interaction of fatty acids and carbylamines (p. 247); 

2CH,C00HH-C:N.CHa=HCONHCH,-|-(CH,CO),O. 

Methyl Formam^e. 

(7) By the action of the^fatty acids on isocy'inic acid esters (?.v.): 

CH,COOH-f-CON.C,Ha==CH3.CONHC,H,-fCOa. 

Secondary and tertiary amides are obtained (i) by heating primary acid amides 
(B. 28 , 2394). alkyl cyanides or nitriles with acids, or acid anhydrides, to 200**. 

CH,C 0 NH,-f(ClI,C 0),0 = (CH 3 C 0 ) 3 NH-fCH,C 00 H 

CH ,CN+CH jCOOH = {CH 3 CO) jNH 

Diacetamide. 

CHjCN + (CHgC0),0 = (CHgCOl.N. 

Triacetamide. 

Diacetamide is also prepared by the action of acetyl chloride on acetamide in 
solution in benzene (C. 1901. 1 . 678). 

(2) The secondary amides can also be prepared by heating primary amides 
with dry hydrogen chloride : 

2C,H30NH3+HC1 = (C,H30)jNH-1-NH4CL 

Diacetamide. 

(3) Mixed amides are further produced by the action of esters of isocyanic 
acid on acid anhydrides : 

(CaH,0)30-fC0:N.C,H,=(C2H50)3N.C3H,+C0,. 

Ethyl Diacetamide. 

Properties and Reactions ,—^The amides of the fatty acids are usually 
solid, crystalline bodies, soluble in both alcohol and ether. The 
lower members are also soluble in water, and can be distilled without 
decomposition. As they contain the basic amido-group they are 
able to unite directly with acids, forming salt-like derivatives, e,g. 
C2H3ONH2.HNO3 and (CH3C0NH2)2*HC1, but these are not very 
stable, because the basic character of the amido-group has become 
greatly weakened by the acid radical. Furthermore, the acid radical 
impartstotheNHo-groupthepowerof exchanging a hydrogen atom for 
metals, such as mercury or sodium (B, 23 , 3037; C. 1902, IL 787), 
forming metallic derivatives, e.g. (CH3.CO.NH)2.Hg—^mercury aceta¬ 
mide, analogous to tHe isocyanates (from isocyanic acid, HN:CO), and 
the salts of the imides of dibasic acids. 

The union of the amido-group with the CO-group of the acid radical 
is very feeble in comparison with its union with the alkyls in the 
.amines. The acid amides, therefore, readily absorb water and pass 
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into ammonium salts, or acids and ammonia, (i) Heating with water 
effects this, although it is more easily accomplished by boiling with 
alkalis or acids. This is a reaction which is not infrequently termed 
saponification (p. 251), though hydrolysis is, perhaps, preferable. 

CH 8 C 0 .NH,+H, 0 ==CH,C 0 . 0 H+NH,. 

(2) Nitrous acid decomposes the primary amides similarly to the 
primary amines (p. 163): 

C,H, 0 .NH,+HN 0 ,=C,H, 0 . 0 H+N,-|-H, 0 . 

Acid amides, which saponiiy with difficulty, may dissolved in sulphuric acid, 
to which sodium nitrite is added in the cold (B. 28 , 2783). 

(3) Bromine in alkaline solution changes the primary amides to 
bromamides (B. 15, 407 and 752): 

C,H,O.NH,-i-Br,==Cj|HsO.NHBr-i-HBr. 

which then form amines (p, 159). (4) On hyating with phosphorus 
pentoxide or chloride, they part with one molecvJe of water and become 
converted into nitriles (cyanides of the alcohol radicals): 

CHs.C 0 .NH,=CH,.CN 4 -H, 0 . 

In this action a replacement of an oxygen atom by two chlorine atoms takes 
place ; the resulting chlorides, like CHa.CCl,.NHs. then lose, upon further heating, 
two molecules of HCl with the formation of nitriles. 

Formamide, H.CONH2. See p, 238. 

Acetamide [Elhanamide], CH3CO.NH2, m.p. 82°, b.p. 222®, crystal¬ 
lizes in long needles. It dissolves with ease in water and alcohol. In 
explaining the methods of producing the amides, and in illustrating 
their behaviour, acetamide was presented as the example, Dumas, 
Leblanc, and Malaguti first prepared it in 1847, by allowing ammonia 
to act on acetic ester. For the preparation of acetamide from 
ammonium acetate,^ sec C. 1906, I. 1089. 

Acetomethylamide, CH*.CONHCH,, m.p. 28®, b.p. 206® ; Acetodimethylamide, 
CH*.CO.N(CtI,)g, b.p. 165-5® J Aceteihylamide, b.p. 205° ; Acetodiethylamide, b.p 
185—186®. Methylene Diacetamide, CHa{NHCOCH|)j, m.p. 196®, b.p. 288® 
(B. 25 , 310). Chlonilacetamide, CCl,CH(OH)NHCOCH„ m.p. 117® (B. 10 , 168). 
Acetamide and butyl chloral yield two isomeric compounds, m.p. 158® and 170° 
respectively (B. 25 , 1690). 

Diaoetamide, (CgH, 0 )tNH. m.p. 77®; b.p. 222'5-223*5® is readily soluble in 
water. (Preparation, p. 276.) 

Methyl Diacetamide, (ClIjCO)*N.CIl8, b.p. 192®, Ethyl Diacetamide, b.p. 185- 
192®. 

Trlaoetamlde, m.p. 78-79®. (Preparation, p, 276.) 

Acetochloramide, CH^CONHCl, m.p. no®. 

Aceiobromamide, CH*C 0 NHBr 4 -H, 0 , forms large plates, and melts in an anhy¬ 
drous condition at ro8® (B. 16 , 410). The production of acetochhramylamuU 
CHjCO.NClCjNji, from hypochlorous acid and accto-amylamidc, and from acetic 
anhydride and chloramylamine in glacial acetic acid (B. 34 , 1613). is taken as a 
demonstration that in such compounds the halogen atom is joined to the nitrogen 
atom. 

Higher homologous primary Aold Amides: 

Pfopionatmde, m.p. 75®, b.p. aio®. 

nrB%Uyrainide, m.p. 113®, b.p, 2x6®. Isobutyramide, m.p. 128®, b.p. ai6-aao*. 

a-Ka/sramtds,tiu.p, xx4-xx6^ 
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Trimethyl Autamide, xn.p. i 53 -* 54 *. n-Capronamide, m.p. too*, 

b.p, 225®: Methyl n-Propylacetamide, m.p. 95®; Methyl Isoptopylacetamide, 
m.p. 129®; Isobutyl Acetamide, m.p. 120®; Biethyl Acetamide, m.p. 105®, b.p. 
230-235®; (Enanthamide, m.p. 95®, b.p. ^50-258®; n-Caprylwmine, m.p. 105-106®; 
Pelargonamide, m.p. 92-93**; nrCapmnamide, m.p. 98®. 

Laurantide, m.p. 102®, b.p.j,., 199-200®; Tridecylamide, m.p. 98*5*: 

Myristamide, m.p. 102®, b.p.j, 217®; Palmitamide, m.p. 196®, b.p.,, 235-236®: 
Stearamide, m.p. 108*5-109®, b.p.,, 250-251® (B. 16 , 977, 1729; 1 ®. 1433 : 
2781; 26,2840). 


.7, ACID HYDRAZIDES 

The mono-acyl hydrazides (C. 1902, 1 . 21) are obtained by the interaction of 
hydrazine and the acid esters, whilst the sym.-diacyl hydrazides are prepar^ 
from hydrazine and the acid anhydrides (B. 84 , 187). The latter-named bodies 
can also be obtained by beating;; monoacyl hydrazines and treating the product 
with iodine. Sym.-diacetohydrazidc, heated with acetic anhydride, yields tri- 
acetohydrazide and tetra-acetohydrazidc (B. 82 , 796)^. 

The mono-acyl hydrazides condense with aid 'hydes and ketones with the 
production of water. The ^ym.-diacyl hydrazines react with zinc chloride or 
phosphorus pentoxide to form dialkyl pyrrodiazoles; with alcoholic ammonia, 
yielding dialkyl pyrrodiazoles; and with phosphorus pentoxide, forming dialkyl 
thiodiazoles. (B. 82 . 797 )> 

Acetohydraxine, CH5CONH.NH,, m.p. 62®. Acetobenxalhydraxine, CH,CO.- 
NH.N:CH.C,H„ m.p, 134®; sym,-Diacetohydrazine, m.p. 13S®; b.p.j, 209®, 
TriaceiohydroMine, b.p.,, i8x®, Tetra-aceiohydroMine, m.p. 85®, b.p.i^ 141^* 

8 . ACID AZIDES 

Although the acid azides show a great chemical similarity to the acid halides 
(p. 269), they are best examined together with tuc acid hydrazides, on account 
of their generic connections. They are formed by the action of monoacyl hydra¬ 
zine hydrochlorides on alkali nitrites. 

Propionyl Aside, CHg.CHj.CON,, is a volatile colourless liquid, of pungent 
odour; with alcohol it forms ethyl urethane (C. 1902, 1 . 22). 


9. THE FATTY ACID NITRILES OR ALKYL ^CYANIDES 

These are compounds in which one carbon atom, combined with an 
alkyl group R',C= —a residue present in every fatty acid—^replaces the 
three liydrogen atoms of ammonia, e.g. CHsC^N, acetonitrile. It is 
true that in the niifile bases (tertiary amines and amides) the nitrogen 
atom is also joined with three valences to carbon, but thi'ee alkyl 
residues are in union with three different carbon atoms. 

The acid nitriles are also called alJ^l cyanides, because they may be 
considered as being alkyl ethers of hydrogen cyanide, H.C=N. 

Being intermediate steps in the syntliesis of the fatty acids from the 
alcohols, these nitriles merit especial consideration. 

The following general methods are employed for their preparation; 

(i) Nucleus-synthesis from the alcohols : {a) by heating the alkyl- 
ogens with potassium ^cyanide in alcoholic solution to 100®; (6) by 
the distillation of potassium alkyl sulphates with potassium cyanide 
(hence the name alkyl cyanides ): 

(w) C,HbI+KNC-C*H,CN+KI 

(x6) -|-KNC-C,H,CN+K,SO^ , 
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Isocyanides (p. 247) fonn to a ^ht extrat in toe first reaction. They can be 
removed by shaking toe distillate with aqueous hydrochloric acid (whereby the 
isonitrile is converted into formic acid and a primary amine), until the unpleasant 
odour of the isocyanides has disappeared, then neutralizing with soda and drying 
toe nitnles with calcium chloride. 

(а) By heating alkyl isocyanides or alkyl carbylamines (p. 347): 

CH,CH,NC-CH,CH,CN. 

P \ 

(3) By the dry distillation of ammonium salts of the acids with 
PgOs. or some other dehydrating agent (hence the term acid nitrile). 

CH,.C 0 . 0 .NH 4 - 2 H, 0 =CH,XN. 

Ammonium Acetate. Acetonitrile. 

The corresponding acid amide is an intermediate product. 

(4) By the removal of water from the amides of the acids y(hen 
these are heated with PaOs, P2S6, or phosphorous pentachloride (see 
amide chlorides, p. 277): 

CH,.CO.Nrf,+PClB=CHa.CN+POCl,+2HCl 

5CH,.CO.NH,+P,S,«5CH,.CN+PiO,+5HaS, 

(5) By the distillation of fatty acids with potassium thiocyanate 
(B. 6, 669), or lead thiocyanate (B. 25| 419), during which a compli¬ 
cated reaction occurs. It is assumed that a thioamide is first formed 
which loses H2S, changing into the nitnle, or that a carboxyl is 
exchanged for a CN-group. 

(б) Primary amines, containing more than five carbon atoms, 
are converted, by potassium hydroxide and bromine, into nitriles: 

C,H„CH,NH,+2Bra+2K0H«C,H,5CH,NBr,+2KBr+2H,O 

C,HuCH,NBra+2K0H=C,H„CNH-2KBr+2H,0. 

As the primary amines can be obtained from acid amides containing 
a carbon atom more, these reactions will serve for the breaking-down 
of the fatty acids (p, 263). 

(7) Nitriles result when aldoximes arc heated with acetic anhydride or with 
toionyl chloride (B. 28 , R. 227): 

CH,CH=N.6H + (CH,CO)aO - CHaC^H-2CH..COOH. 

(8) On the application of heat to cyanacetic acid and alkylized cyanacetic acid, 
nitnles result: 

CNCH,.CO,H=CNCH,+CO,. 

The nitriles occur already formed in bone-oils and in gas tar. 

Historical. — Pelonse (1834) discovered propionitrile on distilling barium ethyl 
sulphate with potassium cyanide (A. 10 ,249). Dumas (1847) obtained acctonitnle 
by distilling ammonium acetate £done, or with PtO^ ; the same occurred with the 
latter reagent and acetamide (p. 277). Dumas, Malaguii and Leblanc (A. 64 , 334) 
on the one hand, and Frankland and Kolhe (A. 65 , 269, 288, 299) on the other, 
demonstrated (1847) the conversion of the nitriles into their corresponding acids 
by means of potassium hydroxide or dilute acids, and thus showed what import-^ 
ance the acid nitriles possessed for synthetic organic'chemistry. 

Properties and Reactions. —^The nitriles are liquids, usually insoluble 
in water, possessing an ethereal odour, and distilling without decom¬ 
position. 

Their reactions are based upon the easy disturbance of the triple 



ORGANIC CHEMISTRY 


280 


union between nitrogen and carbon, and are mostly additive reactions. 
Acid nitriles may be considered to be unsaturaied compounds, in the 
same sense as are the aldehydes and ketones (pp. 23, 190). Their 
neutral character distinguishes ‘them from hy^ocyanic acid, the 
nitrile of formic acid, which they resemble as regards the reactions 
of their C=N-group. 

(1) Nascent hydrogen converts them into primary amines (p. 158) (Mendius), 
This reduction is most easily accomplished by means of metallic sodium and 
absolute alcohol (B. 22, 812). 

(2) The nitriles unite with the halogen acids, forming amide and imide 
halides (p. 281). 


(3) Under the influence of concentrated sulphuric acid they take 
up water and become converted into acid amides (p. 274). When 
heated to 100° with water the acid amides first formed absorb a second 
molecule of water and change to the fatty acid and ammonia. The 
nitriles are more readily hydrolyzed by healing them with alkalis or 
dilute acids (hydrochloric or sulphuric acid). Esters are produced when 
the acids, in a solution of absolute alcohol, act on the nitriles. 


(4) The nitriles form thiamides with H,S (p. 281). 

(3) They combine with alcohols and HCl to form imido-ethers (p. 281). 

(6) With fatty acids and fatty acid anhydrides they yield secondary and 
tertiary amides (p. 276). 

(7) The nitriles become converted into amidines with ammonia and the 
amines (p. 282). 

(8) Hydroxylamine unites with them to form amidoximes (p. 283). Metallic 
sodium induces in them peculiar polymerizations. In ethereal solution, dimole- 
cular nitriles result; imides of P-hetonic nitriles. All these reactions depend upon 
the additive power of the nitriles, the triple carbon-nitrogen union being broken. 
If, however, sodium acts on the pure nitriles at a temperature of 150'’ the 
products are itimolecular nitriles, so-called cyanethines (q.v.), pyrimidine deriva¬ 
tives; 


2CH,CN 

3 CH.CN 


> CH8.C(NH).CH,.CN 

Iffiido-acetic Nitrile. 

N—C(CH,)=N 
^ CH,.C—CH==<:.NH,. 

Cyanethlae 


Acetonitrile, Methyl Cyanide [Ethane Nitrile], CH3CN, m.p. 
—41° ('., b.p. 8i'6®, Di 5=0'789, is a liquid with an agreeable odour. 
It is usually prepared by distilling acetamide with P2O5. Consult 
the general description of acid nitriles for its methods of formation, 
its history and its reactions. It may, however, be mentioned here that 
acetonitrile can be produced from hydrocyanic acid and diazomethane 
(B. 28f 857). It combines with CU2CI2 to form (CHsCN)2Cu2Cl2 
(C. 1898, II. 859). 

Higher Homologous Nitriles. — Propionitrile, Ethyl Cyanide, [Propane Nitrile], 
C.H,.CN, b.p. 98*, D. o*8At. 

n-Butyronitrile, b.p. has the odour of bitter-almond oil. Isobutyro* 

nitrile, b.p. 107®; n-ValeroHitrile,\>.^. I40'4® ; Isopropyl Acetonitrile, 129®; 
Methyl Ethylacetonitrile, b.p. 125°; Trimethyl Acetonitrile, m.p. 15-16®, b.p, 
105-106®; Isobuiyl Acetonitrile, 154®; Diethyl Acetonitrile, 144-146*; 
Dimethyl Ethyl Acetonitrile, 128-130®; n-CEna'^dhyl Nitrile b.p. 175-178*; 
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n-Capriloniiriie, b.p. 198-200*; Pelargonitrile, b.p. 214-216*; Methyl UrHexyU 
Acetonitrile, b.p. 206*; Lauronitrile, b.p.,00 198®: Tridecylonitrile. b.p. 275*; 
Myristonitfile, m.p. I 9 ®» b.p. 226*5®; Palmitonitrile, m.p. 29®, b.p.,„ 251*5®; 
Cetyl Cyanide, m.p. 53® : Stearonitrile, m.p. 41®, b.p.i^c * 74 ’S®* 

Several classes of compounds bear genetic relations to the acid 
amides and nitriles, but these will be considered after the nitriles. 


10. AMIDE CHLORIDES and ii. IMIDE CHLORIDES (Wallach, A. 184 , i) 

The amide chlorides are the first unstable products formed during the action of 
PCI5 on acid amides. They lose hydrochloric acid and become converted into 
imtde chlorides, which by a further separation of hydrochloric acid yield nitriles : 

/Nil. PCI5 /NH, -HCl ^NH -HCl 

CH,C/ -^CHsC^l ->-CH,Cf -^CH,C^ 

^O ^Cl V'l 

Acetamide. (Acetamide Chloride.) (Acetimide Chloride.)* Acetonitrile. 

The addition of HCl to ^he nitriles produces the iinide chlorides. Hydro- 
bromic and hydriodic acids are added more readily|than hydrochloric acid to 


nitriles (B. 25 , 2541): 




/NH, 

CHjCeBr 

\Br 

/NH, 

ch.cA 

Acetimide Bromide. 

Acetamide Bromide. 

Acetamide Iodide. 


If a hydroRen atom of the amide group be replaced by an alcohol radical, the 
imide chlorides will be more stable. On being hcal^'d, however, they lose hydro¬ 
chloric acid in pait and pass into chlorinated buses. 

(t) Water changes the imide chlorides back into acid amides. The chlorine 
atom of these bodies is as reactive as the chlorine atom of the acid chlorides. 
(2) Ammonia and the primary and secondary amines change the imide chlorides 
to amidines (p. 282). (3) Hydrogen sulphide converts the imide chlorides into 
thiamides. 


12 . IMIDO-ETHERS* {Pinner, B. 16 , 353, 1654; 17 , 184, 2002) 

NH 

The imido-cthers may be regarded as the esters of the imido-acids, R'.C<^Qjjf 

a formula which has. in recent limes, been proposed for the acid amides (p. 275); 
(comp, also tiie Thiamides). 

The hydrochlorides of the Imido-ethcrs are produced by the action of HCl 
on an ethereal mixture of a nitrile with an alcohol (in molecular quantities): 

CHjCN H-C jH.OlI +HC 1 

Acetimido-ether. 

Formimldo-ether (p. 243). Acetimldo-Ethyl Ether, b.p. 94®. when liberal^ 
from its HCl-salt by means of NaOH, is a peculiar-smelling liquid. Ammonia 
and the amines convert tlie iniido-cthers into amidines. Shaking the imido-etber 
hydrochlorides with alcohol produces ortho-esters (p. 284). 


13. THIAMIDES 


As in the case of the acid amides (p. 274), so her8 with the thiamides two 
formulas are possible: 




R'.c4«» 


and 


R'.C< 


NH 

OH 


R'.C< 


NH 

SH' 


* Die Lnidoaether und ihre Derivate von A. Pinner, 1892. 
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Thelthiamides are foimed (i) by the action of phosphorus sulphide on the 
acid amides; (2) by the addition 01 H^S to the nitrues (p. 280); 

CH,.CN+H,S=CH*.CS.NH,. 

Acetonitrile. « ThiecetamJde. 

(1) The thiamides are readily broken up into fatty acids, H^S, NH • and amines, 

(2) They yield ihiaxole deiivatives with chloracetic ester, chloracetone. and 
similar bodies. 

(3) Ammonia converts them into amidines, 

(4) The action of hydroxylamine results in the production of oxamidines. 
Thiacetamide, m.p. 108” (A. 192 , 46; B. 11 , 340). Thiopropionamide^ 

m.p. 42-43® (A. 259 , 229). 


14. THIO-IMIDO-BTHERS 

are derived from the imidothiohydrin form of the thioamides. They are pre¬ 
pared, analogously to the imido-ethers, from the nitriles with mercaptans and 

HCl (B. 86, 3464). Acetimido-Thiophenyl Eihef^ tis obtained from 

its hydrochloride by the action of sodium hydroxide. It is an unstable yellow 
syrup. The hydrochloride,\ m.p. 120®, with decomposition, is prepared from 
acetonitrile, thiophenol (Vol. II.) and HCl. 


,NH 


15. AMIDINES, 


'fhe amidines, containing an amide and imide group, whose hydrogen atoms 
are replaceable by alkyls, may be considered to be derivatives of the acid amides, 
in which the carbonyl oxygen is replaced by the imide group: 

CH.CONH, CH,C(NH)NH,. 

Acetamide. Acetamldine. 


They are produced: 

(1) From the imide chlorides and thiamides, by the action of ammonia or amines. 

(2) From the nitriles by heating them with ammonium chloride. 

(3) From the amides of the acids when treated with HCl (B. 15 , 208): 

2CH,COKH,=CH,C<i[J^^+CH,CO,H. 

(4) From the imido-ethers(p. 281) when acted on with* ammonia and amines 
(B. 16 , 1647; 17 >I 79 )- 

The amidines are mono-acid bases. In a free condition they are very unstable. 
The action of various reagents on them induces absorption of water, the imide 
group splits o£F, and acids or amides of the acids are regenerated. 

/ -Ketonic esters convert them into pyrimidines, e,g. acetamiclme hydrochloride 
acetoacctic ester yield dimethyl ethoxypynmtdine, m.p. 192** (comp, polym. 
acetonitrile, p. 280): 



COCH, 

+ ■ 

CH,COOC,H, 



CH, 

OC,H, 


+2HtO. 


Formam%dine (p. 244). 

Acetamldine, Acediamine, Ethenyl Amidine, CHtC(NH|)NH; hydrochlwide, 
m.p. 263^. The acetamldine, separated by alkalis, reacts strongly alkaline ' 
and readily breaks up into and acetic acid. 

4 


16. HYDROXAMIC ACIDS, ** 

These are produced by the action of hydroxylamine on acids* amides, 
esters, and chlorides. They are characterised by containing an oximido- or 
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iaonitroso-gronp in place of a carboxylic oxygen atom (B. 28 , 2834). Another 
method 01 preparation is from aldehydes and nitrohydroxylaminic acids 
0 :N(OH):N(OH) (C. 1901. II. 770), 

CH,C 0 H+N, 0 ,H,TCH,C(N 0 H) 0 H+HN 0 t. 

Benzene sulphohydroxamic acid. C«H,SO,NHOH, behaves similarly, by 
forming acyl hydroxamic acids and benzene sulphinic acid, C.HnSO.H. with 
aldehydes (C. 1901, II. 99). 

They are crystalline compounds, acid in character, and form an insoluble 
copper salt in ammoniacal copper solutions. Ferric chloride imparts a cherry- 
red colour to both their acid and neutral solutions. 

Aoetobydroxamlc Acid, CH|C(N 0 H) 0 H-i-}H| 0 , m.p, 59*. It dissolves very 
easily in water and alcohol, but not in ether. * 

Formhydroxamic Acid (see p. 224). 


17. HYDROXIMIC ACID CHLORIDES, 

M^en chlorine is passed into a solution of acetaldoxime. a precipitate of 

colomXcs&CTystaXsoiNitrosochloreihane, CH,CH<^q, m.p. 65®, is formed. They 

melt to form a blue liquid and dissolve in ether forming a blue solution. From 
both the colour gradually disappears on standmg owing to a change into Aceto- 

hydroximic Acid Chloride, m.p. —3®, a colourless, easily decoxQposed 

liquid. Silver nitrate converts it into acetonitrolic acid (see below); chlorine 
produces Nttrosodtchloreihane, CHjCCla.NO, b.p. 68®, a deep blue oil (B. 85 , 
3101). Acetohydroximic acid chloride is also obtained directly by the action 
it chlorine on a hydrochloric acid solution of acetaldoxime (B. 40 , 1677). 


18 . NITROLIC ACIDS, R.C<^q " (p. 133) 

As these bodies are genetically related to the mononitroparaffins, they have 
already been discussed immediately after them. 


c 

* 'NT nw 

19. AMIDOXIMES or OXAMIDINES, 

These compounds may be regarded as amidines. in which a H atom of the 
amide or iinide group has been replaced by hydroxyl. They are formed: by the 
action of hydioxylaraine on the amidines (p. 282); by the addition of hydroxyl- 
aminc to the nitHles (B. 17 , 2746): 

CH ,CN +NH .OH=CH,C<Ng^. 

Aoetonltnle. Bthenyl Amldozine. 

and by the action of hydroxylamme on thiatnides (B. 19 , 1668): 

CH,CSNH,+NH,OH =CH,.C<N“^+H,S. 

The amidoximes are crystalline, very unstable compounds, which readily break 
down into hydroxylamine, and the acid amides or acids. » 

Metbenyl Amldoxlme, Formatmdoxtme or IsoureHne (p. 244). 

Eihenyl Atnidoxime, m.p. 135®. Hexenyl Amidoxime, m.p. 

48*. Heptsnyl Amidoxime, m.p. 48-49® (B. 25 , R. 637). Lau^l Amidoximx, 
m.p. 92 - 92 ' 5 **- Myristyl Amidoxime, m.p. 97®. Palmityl Amidoxime, m.p. loi*^ 
202®. Siearyl Am^ioxintx, m.p. 106-106*5® (B. 26 , 2844). 
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20, 21. HYDROXAMIC OXIME (Hydroxyamido-oximes), NITROSOXIMES 

(Nitfosolic Acids) 

and allied bodies are obtained from^ the hydroximic acid chlorides and nitrolic 
acids (A. 358 , 65 ; B. 40 ,1676). 

Aeetohydroxamlo Oxime, Acetohydroxyafnido-oxime, results 

from the interaction of acctohydroximic acid chloride and hydroxylamine, or 
from the reduction ol ethyl nitrolic acid (p. 153) with sodium amalgam. It is 
unstable in the free state, but is known as a colourless hydrochloride, m.p. 156*, 
with decomposition, and as a red brown copper salt, C,H40,N,Cu-f 2H,0. Dilute 
alkali changes it into an unstable strongly coloured azo-body, CH|C(:NOH).N 
=»N.C(:NOH)CH,, which partially changes into its more stable and equally 
coloured isomer, azaurolic acid, CH,C(:NOH).NHN:C(NO)CHj, and partially 
breaks down into ethyl nitrosolic acid and acetemide oxime : 

H ,0 

CHaC(NOH).N=N.C(:NOH)CH,- > CH,C(:NOH)NO+H.NC(NOH)CH,. 

Acetonltroso-oxime, Ethyl Nitrosolic Acid, is prepared from 

acetohydroxamic oxime by oxidation with bromiife. It is characterized by its 
deep blue potassium salt, C^HgN^OaK. It is readily decomposed by acids. 

For further reactions, see above. 


22 , 23, HYDRAZIDINE and HYDRAZO-OXIME, 
such as and see Vol. II., and B. 85 , 3*71- 

24. ORTHO-FATTY ACID DERIVATIVES 

The ortho-esters of the fatty acids arc obtained similarly to orthoformic 
ester (p. 244) (i) from the imido-ethcr hydrochlorides (p. 281) and alcohols 
(B. 40 , 3020); from the orthotrichlorides and sodium alcoholatc ; (3) synthetically 
from the orthocarbonic acid esters and alkyl magnesium halides ( 13 . 38 , 561), 

Orthoacetic Triethyl Ester, CHjC(OCjH,)a, b.p.74g 145®, b.p.,8 42®, is a colour¬ 
less pleasant-smelling liquid, but differing in odour from the ordinary ester. 

Orthopropionic Ester, CH|CH,C(OC|Hj)j, b.p.44 161®, b.p.^ 54®. Ortho- 
Acetyl Trichloride, Methyl Chloroform, Ethevyl Trichloride. x,i,i~Trichlorethane, 
CHjCClj, b.p. 74*5®, is formed together with i, i, 2, Trichlorethane, by the 
action of chlorine on ethylidinc chloride (A. 195 , 183). , 

Methyl Nitroform, 1,1,J-Trinitroethane is discussed with the nitroparaffins 
(p. 156). 

Orthoacetic Tripiperide, CHs.C{NC4Hiq)3, b.p. 261®, is obtained by heating 
together methyl chloroform and piperidine. It forms a strongly alkaline, colour¬ 
less liquid, of a peculiar odour; hydrochloride, CH4.C(N.C4Hi0.HCl)s, does not 
melt at 260®. 


HALOGEN SUBSTITUTION PRODUCTS OF THE FATTY ACIDS 

The reactions leading to the substituted fatty acids are partly the 
same as those employed in the formation of the halogen substitution 
products of the paraffins. 

(x) Direct substitution of the hydrogen of th 6 hydrocarbon residue, joined to 
carboxyl, by halogens. 

(a) Chlorine in sunlight, or with the addition of water and iodine, or sulphur 
(B. 25 , R. 797), or phosphorus (B. 24 , 2209); or by the action of sulphuryl 
chloride on the fatty acids (C. 1905, 1 . 414). 

( 2 )) Bromine in sunlight, or with the addition of water in a closed tube at a 
more elevated temperature, or with the addition of sulphur (B. 26 , 331^)1 O' 
phosphorus (B. 24 , 2209). 

ip) Iodine with iodic acid, or bromo-fatty acids with potarsium iodide. 
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The acid chlorides, bromides, or add anhydrides are more readily substituted 
than the hree acids. This reaction can be brought about most suitabl^by the 
addition of the required quantity of chlorine dissolved in CCI4 to a solution of 
the chloride in the same solvent. Each liquid is cooled externally, and the 
mixture is made in full sunlight (B. 34, 4047). When chlorine or bromine, in the 
presence of phosphorus, acts on the fatty acids (method of Hell- Volhard), acid 
chlorides and bromides result; these are then subjected to substitution. The 
final products are halogen-acid chlorides or halogen-acid bromides; 

3CH,.CO,H-}-P+iiBr=3CHaBr.COBr+HPOg+5HBr. 


However, substitution only takes place in a mono-alkyl or dialkyl-acetic 
acid at the a-carbon atom. Hence, trimethylacetic acid cannot be chlorinated or 
brominated. Consequently the behaviour of a fatty^acid towards chlorine or 
bromine and phosphorus indicates whether or not a trialkyl-acetic acid is 
fvesent (B. 24, 2209). 

(2) Addition of Halogen Acids to Unsaturated Monocarhoxylic Acids .—The 
halogen enters at a point as far as possible from the carboxyl group, e.g. : 


HCi 


CH,:CH.COj|H] 

Acrylic Acid. 


HBr 


HI 


CH,Cl.CH,.COaH 

Cff,Br.CHa.COaH 

CHJ.CHa.COjH 


)S-Chloro- 

p-Bromo- 

fi-lodo- 


propionic acid. 


(3) Addition of Halogens to Unsaturated Monocarhoxylic Acids .—Whenever 
possible the chlorine is allowed to act in a CCI4 solution. Bromine often reacts 
without the help of a solvent, also in the presence of water, CS,, glacial acetic 
acid and chloroform. 


(4) Action of the halogen acids (a) on hydroxymonocarboxylic 
acids: 

”^Add^ CH,(OH)Cn,COaH CHjCl.CH*.COjH fl'CWo^^ropiomc 

HJJr 

Lactic Acid: CIIjCl^OHjCOgH- T CHjCHBrt'OaH a-Bromopropionic Add, 

Glyceric Acid: CH,(OH)CH(OH)CO,U - CH,l.CH,.CO,H P-Iod oprop ionlc 

(46) On lactones, cyclic anhydrides of y- or 8-hydroxy acids: 

HBr 

ru r« I-^ Cn,BT.CH,.CH,.CO*H 

_ I jjj v-Bromobutyric Acid. 

CHj.CO ^ I--^CHtl.Cllj.CHa.CO.H 

Butyiolactonc y-Hydroxylbutyric y-lodobutyric Acid. 

Acid Lactone. 

(5) Action of the phosphorus halides, particularly PCls, on hydroxy- 
monocarboxylic acids or their nitriles (C. 1898, 1 . 22). The product 
is the chloride of a chlorinated acid, which water transforms into the 
acid: 


CHj.CHOH.COOH+2PCl5=CH9.CIICl.COCl-f2POClg4-2HCI. 
Lactic Add. a-Chloroproptonyl Chloride. 


Furthermore, halogen fatty acids are obtained like the parent acids 

(6) by the oxidation of chlorinated alcohols or aldehydes (p. 203) with 
nitric acid, chromic acid, potassium permanganate or potassium 
chlorate (B. 18, 3336): 


o^-Dichlorby- 
drin; 


2O 


CH,C1.CHC1.CH,0H-CH,Cl.CHCl.CO*H 


> CCl.COOH 


a^'Dichloro- 
propiooic Acid. 

TnchJoracetic 

Add. 


Chloral: 


CCljCHO 
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( 7 ) *By the action of halogen acids on dioMo-fatty acid csUrt (see Crlyozylic 
Acid): ' 

CHN,.CO,C,H,+HCl=»CH,Cl.COtC,H,+Ng. 

(8) When the halogens act on diado-fatty acid esters : 

CHN,CO,C,H*+I,=CHI,CO.CjH,+N|. 

Isomerism and Nomenclature, —Structurally, isomeric halogen sub- 
■stitution products of the fatty acids are first possible with propionic 
acid. To indicate the position of the halogen atoms, the carbon 
atom to which the carboxyl group is attached is marked a, whilst the 
other carbon atoms are successively called jS, y, 8, c, etc. The two 
monochloropropionic acids are distinguished as a- and j 3 -chloropro- 
pionic acids, whilst the three isomeric dichloropropionic acids are the 
aa-. / 3 j 3 - and aj8-dichloropropionic acids, etc. 

Behaviour, —The introduction of substituting halogen atoms in¬ 
creases the acid character of the fatty acids. The halogen fatty acids, 
like the parent acids, jneld, by analogous treatment, esters, chlorides, 
anhydrides, amides, nitriles, etc. 

bn the velocity of ester formation and the electrifc conductivity 
of the a-, j 3 -, y-, and S-halogen fatty acids, see A. 319 , 369. 

Reactions, —(i) Nascent hydrogen causes the halogen substitution 
products of the fatty acids to revert to the parent acids— retrogressive 
substitution. 

The reactions of the monohalogen fatty acids, which bear the same 
relation to the alcohol acids or hydroxy-acids as the alkylogens do 
to the alcohols, are especially important. In both classes the halogen 
atoms enter the reaction under similar conditions. 

(2) Boiling water, alkali hydroxides, or an alkali carbonate solu¬ 
tion generally brings about an exchange of hydroxyl for the halogen 
atom (A. 342 , 115). 


However, in monohalogen products, the position of the halogen atom, with 
reference to carboxyl, will materially affect the course of the reaction : a-halogen 
acids yield a-hydroxy acids, j8-halogen acids split off the halogen acid and become 
converted into unsaturated acids with the formation also of j5-hydroxy acids 
(A. 342 , 127); yhalogen acids, on the contrary, yield y*hydroxy acids, which 
readily yield lactones (B. 219 , 322): 

H,0 

CH.CICOOH- > CH,(OH)CO,H 

H,o 

CH,ClCH,COOH- > CH,=CHCO,H 

H,0 1 I 

CHjClCH.CHaCOOH- >■ CH,OCH,CH,CO. 


(3) Ammonia converts the halogen fatty acids into amido-acids. 
Nucleus-synthetic Reactions, —(4) Potassium cyanide produces cyano- 
fatty acids— the mononitnle of dibasic acids, which hydrochloric acid 
changes to dibasic acids. They will be considered after the latter: 


<KCN Tj 

CH,aCO,H-- 

Chlortcetlc Add. Cyanacetic Add. 


aH,0,HCl 


CH 

Malonic Add. 


The monohalogen acids furnish a means of building up the dicarhoxyHc 
• acids from the monocarboxylic acids. 
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(5) Dicafhoxylic acids have been obtainde from mono-halogen carboxylic acids 

hy means of metals: ’ 

Adipic Acid. 

(6) and (7) The esters of the mono-halogen fatt yacids have been applied in 
connection with the acetoacetic ester and malonic ester syntheses, and as results 
we have jS-ketone dicarboxylic acids, / 3 -ketone-tricarboxylic acids, and tri- 
and tetracarboxylic acids. 

(8) The esters of the halogen fatty acids can be changed into halogen zinc 
or halogen magnesium fatty acid esters by means of the free metal; in the 
presence of aldehydes and ketones, salts of the higher hydroxy-fatty acid esters 
are formed: 

RCHO-HBrCH(CH,)CO,C,H,- ——> RCH(OZnBr).CH(CH,)CO,C,H,. 

(9) The final product of condensation of a-halogen fatty acid esters and ketones 
by means of sodium amide are the ethylene oxide carboxylic esters {glycidic acid 
esters): 

NH,Na j 

R,CO-i-ClCH(CH,)CO*C,H*-^ R,C—C(CH,)CO,CiH,. 


Substitution Products of Acetic Acid. 

Chlorine Substitution Products —The relations of the three chloracetic acids to 
the oxygen derivatives, whose chloiides they may be considered to be, are evident 
in the following tabulation (comp. pp. 117, 200): 

Monochloraceiic Acid, CH^ClCOsH, corresponds with Acid, CH1OH.CO2H 

Dichhracetic Acid, CHCljCO,H, „ „ Glyoxyltc Acid, CHO,CO 

Trichloracetic Acid, CCl,CO,H, „ „ Oxalic Acid, COiH.COjH 

Monochloracetlc Acid, CHsCLCO|H, m.p. 62^ b.p. 185-187^, solidifies 
after fusion to an unstable modification, m.p. 52**. This slowly reverts spon¬ 
taneously to the ordinary acid ( 13 . 26 , R. 3S1). On the preparation of the acids 
from acetic acid and sulphuryl chloride, sec C. 1905, I. 414. Its sodium and 
silver salts, on the application of heat, yield polyglycollide. 

When monochloracctic acid is heated with alknhs or water, the chlorine is 
replaced by the hydroxy] group, and we get Hydroxy Acetic Acid or Glycolhc 
Acid (g.v.), Amino-acetic Acid, or GlycocoU, results when the monochlor-acid is 
digested with ammonia. 

The ethyl ester, b.p. 143*5®; chloride, b.p. 106®; bromide, h.p, 127®; anhydride, 
m.p. 46®, b.p.n no® (B. 27 , 2949): amide, m.p. 116®, b.p. 224-225®; nitrile, 
b.p. 124®. 

Diohloracetle Acid, CHCl,CO,H, b.p. 190-191®, is produced when chloral 
is heated with potassium cyanide or ferrocyanide and some water. If alcohol 
replace the water, dichloracetic esters are formed (B. 10 . 2124); 

CCljCHO+H ,0 -f KCN=CHCl 2 C 02 H + KCl + HCN. 

When its silver salt is boiled with a little water, glyoxylic acid (qv.) is pro¬ 
duced. Methyl ester, b,p, 142-144**; ethyl b.p. 158* ; anhydride, b.p. 214- 
316°, with decomposition; chloride, b.p. 107-108®; amide, m.p. 98^ b.p. 234°; 
mtnle, b.p. 113®. 

Trichloracetic Acid, CCUCOaH, m.p. 55®, b.p. I95^ the officinal Acidum 
tfichloraceticum, was first prepared by Dumas (1839) when he allowed chlorine 
to act in the sunlight on acetm acid (A. 32 ,101). Without essentially changing 
the chemical character, three hydrogen atoms of the acetic acid were replaced by 
chlorine—a fact upon which Dumas then eiccted the type theory (p. 18). Kolbe 
(1845) made the acid by the oxidation of chloral with concentrated nitric acid 
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(A. 54 ^ 183)^ demonstrated how it could be prepared synthetically from its 
elements: 


C+aS 


CS, 


CCI4 


Heit 


CCl, Cl,. 3 H ,0 cooh. 
CCl, SunUght^ 


The carbon disulphide resulting from carbon and sulphur is converted by the 
chlorine into carbon tetrachloride, which on the application of heat becomes 
converted into perchlorethylene, CClj=CCl, (p. 97), and it, in turn, by the action 
of chlorine and wa^er, aided by sunlight, yields trichloracetic acid. This was 
the first sjmthesis of acetic acid, for Mtilsens had previously shown that potassium 
amalgam in aqueous solution reduced trichloracetic acid to acetic acid (p. 236). 

filing with water decomposes trichloracetic acid into chloroform (p. 245) 
and COa, whilst excess of ^Ikali produces formic acid and a carbonate (A. 342 , 
122). Electrolysis gives rise to the formation of perchloracctic trichloromethyl 
ester (C. 1897, II. 475). 

The methyl ester, b.p. 152*5°; ethyl ester, b.p. 164°, are obtained from 
the acid and alcohols (B. 29 , 2210; C. 1901, II. 1333). Trichloracetyl Chloride, 
Perchloracetaldehyde, b.p. 118°, is formed when ozonized air or SO3 (A. 308 , 324) 
acts on perchlorethylene (B. 27 , R. 509) (comp, synthesis of trichloracetic 
acid from CS,); bromide, b.p. 143° ; anhydride, b.p. 224° ; amide, m.p. 141°, 
b.p. 239° ; nitrile, b.p. 83°. Perchloracetic Trichloromethyl Ester, CClj.COjCCl,, 
ra.p. 34®, b.p. 192° (A. 273 , 61). 

Bromacetic Acids. — Monobromacetic Acid, CH,Br.COjH, m.p. 50-51®, b.p. 
208° ; ethyl ester, b.p. 159® ; chloride, b.p. 134® ; bromide, CH,Br.COBr, b.p. 150® 
(pp. 9S, 270): anhydride, b.p. 245°; amide, m.p. 91°; nitrile, b.p. 148-150® 
{B. 38 , 2694). 

Dibromacetic Acid, C,H,Br, 0 ,, m.p. 54-56®, b.p. 232-235°; ethyl ester, 
b.p. 192® ; bromide, CHBr,.COBr (pp. 98, 270), b.p. 194°; amide, m.p. 156° 
(B. 38 , 2695). 

Tribromacetic Acid, CBr,CO,H, m.p. 135°, b.p. 246° with decomposition, 
results from the interaction of pcrbromethylenc and nitric acid (A. 308 , 324). 
Boiling water or alkali decomposes it similarly to trichloracetic acid (see above). 
Ethyl ester, b.p. 225° ; bromide, b.p. 220-225° : amide, m.p. 120-121°: nitrile, b.p. 
170°, is a dark rod liquid, which HCl changes to the polymeric trinitrile, m.p. 
129° (B. 27 , P. 730)- 

lodoacetic Acids .—Moniodoacetic Acid,CHJiCOiH, m.p. 82° (C. 1901, I. 665). 

Di-iodoacetic Acid, CHI,.COjH, m.p. 110°. 

Tri-iodoaceiic Acid, m.p. 150®. The last two compounds have been obtained 
from malonic acid and iodic acid (B. 26 , R. 597 )- (C'omp. iodoform, p. 246.) 

Fluoracetic Acids. — Monofluoracetic Acid, CHjl'.COOH, m.p. 33®, b.p. 165°, 
is obtained by the hydrolysis of its methyl ester, b.p. 104°, which in turn is prepared 
from methyl iodo-acetate and mercury or silver fiuoriUc. Difluoracetic acid, 
CHFjCOOH, b.p. 134®, is prepared by oxidation of difluorcthyl alcohol (from 
difluor-ethyl bromide). In these compounds the fluorine atom is held relatively 
firmly in the molecule (J. i8g6, 759; C. 1903, II. 709). Dibromofluoracetic 
acid, CBrjF.COOH, m.p. 26®, b.p. 198° ; ethyl ester, b.p. 173®, possesses a 
camphordike odour; fluoride, CBrjF.COF, b.p. 75®, is formed from symmetrical (?) 
dibromodifluorethylene by the absorption of oxygen (C. 1898, II. 702). 


Substitution Products of Propionic Acid. 

The a^monohaloid propionic acids contain an as3rmmetric carbon atom; 
hence their esters, for example, are known in an active form. They are prepared ’ 
according to the methods 4aand 5 (p. 285). The ) 3 -monohalogen acids are derived 
from acrylic acid by method 3 (p. 285), and jSdodopropionic acid from glyceric 
acid by method 4a. 

a-Chloropropionlc Acid, CHaCHClCOjH, b.p. 186°; ethyl ester, b.p. 146 ; 
chloride, 109-110°; amide, 80°; nitrile, b.p. 121-122®, is prepared from 
acetaldehyde cyanohydrin and PCI3 (B. 34 , 4049). a-Bromoproplonlc Acid, 
m.p. 24*5°, b.p. 205*, is resolved into its optically active components by cinchonine; 
ethyl ester, b.p. 162°; bromide, b.p. 153® (A. 280 , 247); anhydride, b.p.| 120® 
(B. 27 , 2949). Dextro-rotatory a-Chloro^ and a~Bromopropionic esters are 
obtained from sarcolactic acid (B, 28 , 1293). a-Iodopropionic Acid, m.p. 45*, 
prepared from propionyl chloride and iodine chloride (B. 86, 4392). 

^CUoroproplonte Acid, CH^ClCHtCOiH, m.p. 41 5®. b.p. 203-^04®; methyl 
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ester, b.p. 156**; ethyl ester, b.p. 162*; chloride, b.p. 143-135^. /3-Bromopro* 
plODic Acid, m.p. 615®; ethyl ester, b.p.jo 69-70^; bromide, b.p. I54-I55*, 
jS-lodoproplonlc Acid, m.p. 82®; methyl ester, b.p. 188®; ethyl ester, 202®; 
amide, m.p. 100® (B. 21 , 24, 97), is formed by boiling the ester with sodium 
amalgam and subsequently hydrolyzing the mercury dipropionic acid, Hg(CHs- 
CHjCOOII), formed, consisting of prisms, which are only slightly poisonous. 
The aqueous solution, when boiled, deposi ts a heavy precipitate of hydroxy- 

mercury propionic anhydride, OHgCH,CHjci (B. 40 , 386), 

Dlhalogen Proplonlo Acids. —aa-Acids are prepared by the chlorination 
and bromination of propionic acid (B. 18 , 235); ajS-acids, by the addition of 
chlorine and bromine to acrylic acid, by the addition of a halogen acid to 
a-halogen acrylic acids, and by the oxidation of the corresponding alcohols 
(p. 285): ) 9 j 8 -acids, by the addition of a halogen acid to j8-halogen acrylic 
acids. 

aa-Dichloropropionic Acid, CHaCCl,COjH, b.p. 185-190® ; ethyl ester, b.p. 
156-157®; chloride, from pyroraccmic acid and PCI5, b.p. 105-115®, amide, 
m.p, 116® (B, 11 , 3S8); nitrile, b.p. 105® {B. 9 , 1593)- 

The silver salt changes to pyroracemic acid when heated in aqueous solution, 
and oa-dichloropropionic aci^. 

aa-Dibromopropionic Actd^ m.p. 61®, b.p. 220®; ethyl ester, b.p. 190®, is 
decompo.sed by sodium hydroxide into pyroracemid acid, CH|COCOOH, and 
bromacrylic acid (A. 342 , 130). 

ap-Dichloropropionic Acid, CH,ClCHClCOjH, m.p. 50®, b.p. 210®; ethyl 
ester, b.p. 184®. 

afi'Dibromopropionic Acid, m.p. 51® and 64®. b.p. 227® with partial decom¬ 
position, is capable of existing in two allotropic modifications, which can be 
readily converted one into the other, and of -which the more stable possesses 
the higher melting point. Water or sodium hydroxide produces from it a-bromo- 
acrylic and glyceric acids (A. 342 , 135): ethyl ester, b.p. 211-214°. 

BB-Dibromopropionic Acid, m.p. 71®, i.s formed from )8-bromacrylic acid and 
HBr (B. 27 , R. 257). 

Substitution Products of the Butyric Acids. 

a-Chloro-n-butyric Acid, CHjt'HjCHClCOall, b p-iit (■^- 319, 358), is a 
thick liquid ; ethyl ester, b.p. 156-160°; chloride, b.p. 129-132®, is obtained 
from butyryl chloride (A. 153 , 241); nitrile, b.p. 142®. 

a'Bromobutyric Acid, b.p. 215®, is prepared from butyric acid. 
j^-Chloro-n-butyric Acid, CHjCHCl.CHjCOOH, b.p.,a 99®, is obtained from 
allyl cyanide, and from solid crotonic acid and HCl; nitrile, b.p. 175®. 

p~Bromo-Ji-hutyric Acid, m.p. 18°. b.p.,e 122®, and p-Iodo-n^butyric Acid, 
m.p. no® (B. 22 , K. 741 ; C. 1905, 1 . 24) have been obtained from crotonic acid 
and from allylcyanidc. 

y-Chloro-n-butyric Acid, CH,ClCHjCH,COtH, m.p. 16®, b.p.,s Ii 5 *» Is 
obtained from the nitrile and from trimethylenc carboxylic acid and HCl (A. 319 , 
363), Trimethylene chlorobromidc, CHjCl.CHjCHgBr and KCN yield y-Ckloro- 
butyric Nitrile, b.p. 189® (A. 319 , 360). Alkali hydroxides convert the nitrile into 
trimethylene carboxylic acid nitrile (Vol. II.) (C. 1908, I. 1357). The acid is 
obtained from this, and when distilled at 200® it yields HCl and butyrolactone. 

y-Bromo- and y-Ioddbutyric acids, m.p. 33® and 41®, result from butyro¬ 
lactone (q.v.) by the action of HBr and HI (B, 19 , R. 165). 

a^-Dichlorobuiyric Acid, CHjCHClCHCJCOjH, m.p. 63°. ap-Dibromo- 
butyric Acid, m.p. 85®, Both are obtained from crotonic acid (p. 295)* fiy-J^i- 
bromohutyric Acid is obtained from vinyl acetic acid (p. 297). 

aap'Trichlorobuiyric Acid, CHj.CHCl.CCIj.COjH, m.p. 60®, appears in the 
oxidation of trichlorobutyraldehyde and by the action of chlorine on 
chlorocrotonic acids (B. 28 , 2661). 

aap-Tribromobuiyric Acid, m.p. II5°. The solutiogs of the sodium salts of 
both acids break down, when warmed, intoCOj, sodium halide, and aa-dichloro- 
and aa-dibromopropylene (B. 28 , 2663). , , 

a-Bromisobutyrie Acid {CH,),CBr.COOH, m.p. 48®, b.p. 199: ^ ^Ihyl esUr, 
b.p. 164®; anhydride, m.p. 63® (B. 27 , 2951): amide, m.p. 148®, with bromine 
and alkali (comp. p. 277) yields acetone (C. i 905 » I. 1220). . . - - 

a-Bromisofyutyryl Bromide, b.p. 163°, is converted by sine m ethereal or 
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ethylacctate Dimethyl Ketene, (CH8),C:CO. This is a wine-yellow liquid, bCnling 
at a low temperature, which polymerizes at ordinary temperatures to tetramethyl 
dikcto-cyclobutane [(CHa^tC.CO],. It is also obtained irom isobutyryl chloride 
(p. 27X) and trimethylamine. Water, alcohol, and aniline unite with the 
ketone to form isobutyric acid, cste^, and anilide respectively (B. 89 , 968), 

a-Iodcibutyric Acid, m.p. 73® (C. 1900, I. 960), is prepared from isobut^yl 
chloride, S,Cls, and iodine. 

Halogen Substitution Products of the Higher Fatty Acids. 

Acids, containing the group (CH8)jCH, have their methine hydrogen sub¬ 
stituted by chlorine when the reaction takes place in sunlight at 100® (C. 1897, 
II. 1100 ; iSqq. II. 963). Among the higher members some a-bromo-acids are 
prepared by bromination witli or without the presence of phosphorus (B. 25 , 
486). Such compounds can also be obtained by the addition of the halogen acids 
or the halogen to unsaturated acids (A. 319 , 357 ; C. 1901, I. 93, 665). Dialkyl 
hromacetic acids, RjCBrCOOH, can also be prepared from dialkyl malonic acid 
by heating with bromine and water. Some of their amides are employed as 
soporofics (C. iQOO, II. 1594). 

The dibromo-addition-prodncts of the unsaturated acids have been exhaus¬ 
tively studied. Water almost invariably sets the COOH free from the a)8-dibro- 
mides with the formation of brommated hydrocarbons, etc., whereas carbon is 
never split off from the and y8-derivativcs, but the first products are bromi- 
nated lactones, from which hydroxy-lactones and y-ketonic acids are simul¬ 
taneously obtained (A. 268 , 55). 


B. OLEIC ACIDS, OLEFINE MONOCARBOXYLIC ACIDS, 

C„H8„-iCO,H 

The acids of this series, bearing the name Oleic Acids because 
oleic acid belongs to them, differ from the saturated fatty acids by 
containing two atoms of hydrogen less than the latter. They also 
bear the same relation to them that the alcohols of the allyl series do 
to the normal alcohols. We can consider them as being derivatives 
of the alkylens, CnHgn, produced by the replacement of one atom of 
hydrogen by the carboxyl group. 

Some of the methods employed for the preparation of the un¬ 
saturated acids are similar to those used with the saturated acids. 
Others correspond with the methods used with the olefines, and 
others, again, are peculiar to this class of bodies. 

From compounds containing a like carbon content: 

(1) Like the saturated fatty acids, they are produced by the oxida¬ 
tion of their corresponding alcohols and aldehydes; thus, allyl alcohol 
and its aldehyde afford acrylic acid : 

CHttCH.CHaOH- > CHjiCH.CHO-CH,;CH.C08H. 

Allyl Alcohol. . Acrolein. Acrylic Acid. 

(2) by the action of alcoholic potassium hydroxide (p. 286) on 
the monohalogcn derivatives of the fatty acids, or by the action of 
heat on them, together with a tertiary base such as diethyl aniline 
or quinoline (C. 1898, 1 . 778). 

CH 8 .CH,.CHC 1 .COjH and CH>.CHCLCH,.CO,H yield CHj.CHiCH.CO.H 

a-Cblorobiityrlc Acid. ^ H-Chlorobutyrie Acid. Crotonie Acid. 

The ^-derivatives arc especially reactive, sometimes parting with balc^en 
acids when boiled with water (p. 286); whereas the y-halogen acids yield 
hydroxy-acids and lactones. (3) Similarly, the a) 3 -derivatives of the acids (p. 289) 
readily lose two halogen atoms, (a) either by the action of nascent hydrogep-^ 

CH,Br.CHBr.CO,H-f2U«CH,:CH.CO,H-f^IlBr, 
I^Edbromopropionic Acid, Acrylic Ae|4r 
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or (&) even more readily when heated with a solution of potassium iodide, in which 
instance the primary di-iodo-compounds part with iodine (p, 136): 

CHJ.CHI.CO,H «CH,:CH.CO,H+ 1 ,. 

(4) by the addition of hydrogen to acetylene carboxylic acids: 

CHs.C: C.COOH +2H =CH,.CH;CH.COOH. 

Tetrolie Acid. Orotonlc Add. 

(5) by the removal of water (in the same manner in which the 

alkylens are formed from the alcohols) from the hydro 3 qr-fatty 

acids (the acids belonging to the lactic series): 

CHsCH(OH).CO*H and CH2(0H).CHa.C03H yield CHj:CH.CO,H. 

a^Hydroxypropioolc Acid. /3-Hydroxypropionic Acid. Acrylic Acid. 

Here again the ) 3 -derivatives are most inclined to alteration, losing water when 
heated. The removal of water from a-derivatives is best accomplished by treating 
the esters with PClf The esters of the unsaturated acids are formed first, and 
can be saponified by means of alkalis. Another method is to act with P| 0 * 
on the nitriles of the hydrc«y-acids (C. 1898, II. 662), ) 9 -Hydroxy-acids also 
yield olefine carboxylic acids when boiled with alkali!> (A. 283 , 58). 

If both a-situated hydrogen atoms in a j8-hydroxy-acid are substituted, warming 
the ester with PjOs causes elimination 01 water in the py position; if, however, 
there is no hydrogen in the y position, an informal rearrangement occurs which 
favours the expulsion of water (C. 1906, II. 317, 318): 

-HaO 

CHsCH(OH)C(CH8)COaR-^ CHa:CHC(CH8)aCOaR 

CH,(OH)C(CH,),CO,R —V CH{CH,):C(CH,)CO,R. 

(6) Amino-fatty acids lose the amino-group, after previous methylation, 
and yield olefine carboxylic acids (R. 33 ,1408). 

(7) o-alkvl a-bromethylenc succinic acids lose HBr and CO, when boiled 
with sodium hydroxide (C. 1899, 1 . 1071). 

Nucleus-synthetic Methods .—(8) Some may be prepared syntheti¬ 
cally from the halogen derivatives, C»H2«-iX, through the cyanides 
(p. 252) ; thus, allyl iodide yields allyl cyanide and crotonic acid, and 
the position of the double bond is changed : 

CHa=CIICHaI-=- > CHarCH.CH.CN- > CHaCH^CHCOaH. 

The replacement of the halogen by CN in the compounds C„H,n-iX is con¬ 
ditioned by the structure of the latter. Although allyl iodide, CHa:CH.CHaI, 
yields a cyanide, ethylene chloride, CHa:CHCl, and p-chloropropylene, CH|.- 
CChCHai are not capable of this reaction. 

(9) The action of COt and magnesium on an ethereal solution of allyl bromide 
produces vinyl acetic acid (B. 36 , 2897): 

CHa:CHCIIaBr+MgH-COt«CHa:CHCHaCOOMgBr. 

(10) Some acids have been synthetically prepared by Perkin's reaction, which 
is readily brought about with benzene derivatives, but proceeds with difficulty 
in the fatty series. It consists in treating the aldehydes with a mixture of acetic 
anhydride and sodium acetate (comp. Cinnamic Acid): 

CjH, 8 CH 0 +CH,.C 0 ,Na=C.Hi*CH:CH.C 0 ,Na-!-H, 0 . 
wanthol. NoByteniff Add. 

(A. 277 ,79; C. 1899, 1. 595.) .. j ^ 

) 9 .DimethyI acrylic acid is obtained from acetone, malonic acid ana acetic 
anhydride (B. 27 , 1574)- , j- 

Pyroracemic acid acts analogously with sodiun^ acetate—carbon aioxiqo 
aplita ofi and crotonic acid results (B. 13i 987)7 
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Methods of formation, dependent upon the breaking-down of long 
carbon chains: 


(11) by the decomposition of unsaturated p-ketonic acids, synthetically pre¬ 
pared by the introduction of unsatur^tted radicals into acctoacetic esters. Allyl 
acetoacetic ester yields allyl acetic acid (p. 299). 

(12) by the decomposition of unsaturated malonic acids, containing the two 
carboxyl groups attached to the same carbon atom (p. 253): 

CH3.CH:C(COjH)a = CH,.CH:CH.COjH |-COj. 

Kthylidene M?Ionir Acid. Crotonic Acid. 

(13) Unsaturatocl /Sy-acids are prepared bv distilling y-lactone-j 9 -carboxylic 
acids, the alk\I.\U'd paracOnic acids (B. 23 , U. 91). In the same manner yS-un- 
saturated acids result trom the 8-lactone-y-carboxylic acids (B. 29 , 2367): 


Methyl Pari' 
conic Acid, 


6*CaproIactone- 
y-carboxylic Acid, 


CO,H 

• —COj 

CII3CH.CH.CHa- 

6 -CO 

CO,H 

CHa.CH.CH.CHa.CHj - 
6-—CO 


y P a 

-> CHaCH:ClJ,CIT,.CO,H 

EthylidenC'piopiunic Acid 
• B y p a 

- > CHa.CH:CH CU^X'H^.CO^U, 

yfi-Hexenic Acid. 


Isomerism. —An isomer of acrylic acid is neither known nor possible. 
Tlie second member of the series has three structurally isomenc, open- 
carbon chain modifications : 

(i) CH,.CH = t'n.CO,U; (2) CH,=Cn.CH, CO,H : (3) 


In fact, there are three crotonic acids—the ordinary solid crotonic 
acid, isQcrotonic acid and methyl acrylic acid. Formerly, formula 2 
was ascribed to isocrotonic acid. There is, however, considerable 
support for the view that both acids—the ordinary solid crotonic acid 
and isociotonic acid—have the same formula. Hence it is assumed 
that crotonic and isocrotonic acids are merely geometric, stereo- or 
space-isomers. (Comp, crotonic acids, p. 295.) 

Numerous pairs of isomers, whose differences may be similarly 
indicated, resemble crotonic and isocrotonic acids—angelic and tiglic 
acids ; oleic and elaidic acid ; crucic and brassidic acids. 

The monocarboxylic acids of tri-, tetra-, penta-, and hexamethy- 
lene are structurally isomeric with the acids C3H5.CO2H, C4H7CO2H, 
C6HgC02H, CoHiiC 02H, Further, the trimethylene carboxylic acid, 
CH 

. ^>CH.C02H, is isomeric with the three crotonic acids, and 

CHo 

CH 

tetramethylene carboxylic acid, CH2<^^jj®^CHC02H, etc., with the 
acids C4H7CO2H. (Comp. p. 80.) 

Properties and Reactions. —Like the saturated acids in their 
entire character, the unsaturated derivatives arc, however, dis¬ 
tinguished by their ability to take up additional atoms: they unite 
the properties of a fetty acid with those of an olefine. 

(i) On combining with two hydrogen atoms they become con¬ 
verted into saturated fatty acids. 


Most of the lower members combine readily with the H* evolved in the action 
of zinc on dilute sulphuric acid, whilst the higher remain unaffected. Sodium 



OLEIC ACIDS. OLEFINE MONOCARBOXYLIC ACIDS 293 

amalgam apparently only reduces those acids in which the carboxyl group is 
in uxiion with doubly-linked pair of carbon atoms (B. 22 , R. 376). All may 
be hydrogenized, however, by heating with hydriodic acid and phosphorus. 

(2) Esters of the unsaturated acids, such as acrylic and crotonic 
acids, polymerize under the influence of sodium methoxide, whereby 
the double bond is broken, and the j 3 -carbon atom of one molecule 
joins the a-carbon atom of a second, accompanied by a compensating 
wandering of a hydrogen atom: 

2 CH 2 :CH.C 00 H == C 02 H.C(:CH,).CH»CH».C 00 H. 

(3) They combine with halogen acids, forming monohalogen 
fatty acids. In so doing the halogen atom enters the molecule as 
far as possible from the carboxyl group (p. 285). 

(4) They imite with the halogens to form dihalogen fatty acids 
(p. 285). 

All these reactions ha-^e already been given as methods for forming 
fatty acids and their halogen derivatives. * 

(5) Ammonia converts the olefine carboxylic acids into amino-fatty acids: 
crotonic acid yields ^-aminobutyric acid. Hydrazine and phenylhydrazine 
behave similarly with the same compounds. 

(6) Diazoacetic ester and diazomothane combine with the olefine carboxylic 
esters to produce pyrazoline carboxylic ester; acrylic ester and diazoacetic 
ester yield 3,4-pyrazoline carboxylic ester (q.v.) (Buchner^ A. 278 , 222). 

(7) The olefine carboxylic acids unite with NjO*. forming nitriles of the 
nitrohydroxycarboxylic acids (C. 1003, II. 554 ; 1904, I. 260): 

CH,CH:CHCOOH > CH,CH(ONO).CH.(NO,)COOH. 

(8) The behaviour of unsaturated acids towards alkalis is espe¬ 
cially noteworthy. 

{a) When heated to too®, with KOH or NaOH, they frequently absorb the 
elements of water and pass into hydroxy acids. Thus, from acrylic acid we obtain 
a-lactic acid, CH,:CH.CO,H-f HaO-=CH8.CH(OH).CO,H. 

(6) jSy-Unsaturated acids rcanangc themselves to ajS-unsaturated acids (Fittig, 
A. 283 , 47, zCg ; B. 28 , R. 140) when they are boiled with alkali hydroxide ; the 
double union is made to take a new position: 

cn. Cl I, CH - CI1 .CH J.COOH - > CHj.CH.x H J.CH =CH.COOH. 

Hyilroaoibic Acid. n-UuiyUdene Acetic Acid. 

(c) When fused with potassium or sodium hydroxide their double 
union is severed and two monobasic fatty acids result: 

OT*:CH.C0,H+2H,0=C1Tj 02 fCH,.C0,H+1^r 

Aciylic Acid. Formic Acid. Acetic Acid. 

CH^CHiCH.COjH-fzH.O^^CHa.CO.ir 11,. 

Crotonic Acid. Acetic Acid. Acetic Acid. 

The decomposition occasioned by fusion with alkalis is not a reaction 
which can be applied in ascertaining constitutioti, because under the 
influence of the alkalis there may occur a displacement or rearrange¬ 
ment of the double union. 

(9) Oxidizing agents like chromic acid, nitric acid and potassium permanganate 
have the same effect as alkalis, (a) The group linked to carboxyl is usually 
further oxidized, afd thus a dibasic acid results* 
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{b) wiien carefully oxidized with permanganate^ the nnsaturated acids 
undergo an alteration similaf to that of the olefines; dihydroxy acids result 
(FitHg, B. 21 ,1887). 

CH,.CH:C(CjH 5 )C 0 ,H+ 0 H-H, 0 ==iCH,CH( 0 HK-C{ 0 H)(C,H,)C 0 jH. 

a-Etbyl Crotomc Aud. a-£thyl ^-Methyl Glyccnc Acid. 

(10) Ozone produces ozonides by action on the olefine carboxylic 
acids. They are decomposed by water into aldehydes and aldehyde- 
acids, a reaction which indicates their constitution (comp, p- 84) 
(A. 343 , 34 ) : 

ch,.ch:chcoohVo,+h,o=ch,cho+hoc.cooh+h,o,. 

Crotomc or Isocrotomc Acid. Acetaldehyde. Glyozylic Acid. 

(11) Py*Unsaturated acids when heated with dilute sulphuric acid 
3deld y-lactones: 

(CHa),C:CH.CH,CO,H- >■ (CH,),C.CH,.CH,.CO<!) 

Pyroterebic Aad. Ibdcaprolactooe. 

I. Acrylic Acid [Propene-Acid], CH2:CH.C02H, m.p. 7°, b.p. 141®, 
is obtained according to the general methods ; 

(1) From j8-chloro-, j 3 -bromo-, or j 3 -iodo-propionic acid by the 
action of alcoholic potassium liydroxide or lead oxide, 

(2) From ajS-dibromopropionic acid by the action of zinc and 
sulphuric acid, or potassium iodide, or reduced copper containing 
iron (C. 1900, II. 173). 

(3) By heating ^-hydroxypropionic acid (hydracrylic acid). 

The best method consists in oxidizing acrolein with silver oxide, or 
by the conversion of acrolein, by successive treatment with hydro¬ 
chloric and nitric acid, into j8-chloropropionic acid, and the subse¬ 
quent decomposition of this acid by alkali hydroxide (B. 26 , R. 777; 
B. 34 , 573). 

Acrylic acid is a liquid with an odour like that of acetic acid, and 
is miscible with water. If allowed to stand for some time, it is trans¬ 
formed into a solid polymer. By protracted heating on the water- 
bath with zinc and sulphuric acid it is converted into propionic acid, a 
reaction which does not occur in the cold. It combines with bromine 
to form ap-dibromopropionic add, and with the halogen acids to 
yield P~substituiion products of propionic acid (p. 288). If fused with 
alkali hydroxides, it is broken up into acetic and formic acids. 

Thtsilver salt, CsH^OsAg, consists of shining needles ; leadsalt, (CiH,Os)tPb, 
crystallizes in long, silky, glistening needles; ethyl ester, CgHgO, CcHs, b.p. 101^, 
obtained from the ester of aj8-dibromopropionic acid by means )f zinc and sulphuric 
acid, is a pungcnt-smclhng liquid ; methyl ester, b.p. 85®, is polymerized by 
sodium methyoxide to a-methylene glutaric ester (B. 84 , 427). 

Acryl chloride, CH^.CH.COCl, b.p. 75®; anhydride [CHi:CH.C 0 ], 0 , b.p.,fc 
97*; amide, CHjiCH.CONH,, m.p. 84®; nitrile, vinyl cyanide, CH,:CH.CN, b.p. 
78" (B. 26 , R. 776; C. 1899, II. 662). 

Substttatlon PrpductSc—There are two isomeric forms of mono- and di-sub- 
stituted acrylic acids. 

a-Chloracrylic Acid, CHa:CCl.CO,H, m.p. 64®, results when ojS- and also 
aa-dichloropropionic acids aie heated with alcoholic potassium hydroxide. It 
combines with HCl at zoo® to produce afi-dichloropropionic acid (B. 10 , 1499; 

18,244). 

B-Chloracrylic Add, CHChCH,CO,H, m.p. 84®, is produced together with 
Oicnloracrylic acid in reduction of chhrmde with zinc and*hydrochloric acid 
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(A. 208 , 83 ; 289 ,263), also from propioho acid, CsHaO, (p. 303), by the addition 
of HCl It unites with HCl to ^) 3 -dichloropropionic acid ; ethyl esier, b.p 146". 

urBfomacrylxo Actd, mp (>9-70®, is slowly decomposed by alkalis into 
acetylene, alkali bromide, and bicarbonate (A 2 ( 42 , 135). 
p-Bromacryhc Acid, m p. 115-116®. 

p-Todoacryltc Acid, is known m two modifications, m ps 139-140® and 65** 
(B. 19 , 542). 

aB Dtchloracryltc Acid, m p 87®; Bfi-Dichloracrylic Acid, m p 76-77®. 
ajS Dibrotnacrylic Acid, m p 85-86“, pp-Dibromacryltc Aad, m p. 86®. 
aB Di-iodchocryltc Aad, mp. 106®, pp-Di~todo~acryltc Aad, mp. 133® 
(B A, 2284) 

a-Chlor~p todo-Acryltc Aad, m p 8 q®, results from reduction of lodosth 
chhf acrylic Aad, or Iodosochlor<Hihloracrylic Aad, ft^hich in turn is prepared 
by the action of water or alcohol on iodosocMoro-chlorofumanc acta (B, 88, 
2842): 

cilr(cooH).cci coci- > ciIch-cci cod)- > ich ccicooh. 

lodosochloro-chlOFO- lodosochloro- Chloro lodo- 

fomanc Acid. cbloracrylic Acid. acrylic Acid. 

1 rtchloracryltc Aad, m*p 76®, ethyl ester, bp 193“ I orthoeihyl ester, 
ecu ecu (OCgHj),, b p, 230°, from hexachloropropylene (A. 297 . 312). 
i rtbromacrylic Aad, m p 117-118“. 


2. Crotonio Acids, C3H5.CO2H. 

In the introduction to llie olefine carboxylic acids the isomerism 
of the crotonic acids was made evident, and it was shown that the 
difference between crotonic and isocrotonic or quartenyhc acid de¬ 
pended on the different arrangement of the atoms in the molecules 
ol the two acids, in the sense ol the following formulae (A. 248 ,281}: 


HCCOaH Hr CO,H 

II II 

HC CH, CII,CH 

(Place Syminetiic Cotifig) (Axial bymmetnc Config) 


Which of the two formulae may be assigned to the ordinary solid 
crotomc acid, and which to the lower melting isocrotomc acid has not 
yet been determined with ceitainty, although there has been no dearth 
of investigations to place the matter on expeiimental and theoretical 
bases (B. 25 , R. 855, 856 , 26 , 108 , 29 , 1639 » 34 , 189 , 38 , 2534 ; 
A. 268 , 16, 283 , 47; C. 1897, II. 159; J. pr. Ch. [2] 46 , 402; 76 , 
105, Z. phys. Ch. 48 , 40). 

In the following table of the crotonic acids and their halogen sub¬ 
stitution products, the plane-symmetrical or cts- configuration has been 
arbitrarily assigned to crotonic acid, and the axial-symmetncal or 
CIS- trans (pp. 34, 35) formula to isocrotonic acid. 


(x) Crotonic Acid 

(la) a-Clilorocrotoilic Acid 

(16) ^-Chloroerotonlo Add 

(ic) a-Bromoerotonlc Add 

$ 

(nf) ^-Bromocrotonle Add 
(a) Isocrotonle Add 


mp. 72®, 
„ qg , 

94": 

106®. 


CH.>C C<CO.H 


»• 




95 ' 




b.p. 180®. 


»* 


?• 


212®. 

200°. 


„ 75 * (*3 tam.X 
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(aa) a'Chlorlsoerotonlc Acid “'P' 

(26) j 3 -Chlorlsocrotonlc Acid •• 59°; b-P- i 95 “. 

(2c) a-Bromisoorotonie Add ** 

I* Ordinary Crotonic Acid is obtained according to the general 
methods of formation (pp. 290, 292): 

(1) by the oxidation of crotonaldehyde, CH3CH : CHCON (p. 215) J 

(2) by the action ot alcoholic potassium hydroxide on a-bromo- 
butyric acid and ^-iodobutyfic acid ; 

(3) by the action of KI on a^-dibromobutyric acidf 

(4) by the distillation of P-hydroxybutyric acid ; 

(5) by the hydrolysis of allyl cyanide, CH2 : CHCH2CN, produced 
by alkyl iodide and potassium cyanide, accompanied by an internal 
rearrangement (B, 21, R. 494 ; C. 1903, II. 65^). 

(6) Tlie most practicable method of obtaining crotonic acid is to 
heat malonic acid, CH2(C02H)2, with paraldehyde and acetic anhy¬ 
dride : the ethylidene malonic acid first produced decomposes into 
CO2 and crotonic acid (p. 291) (A, 218,147); 

(7) Finally, from isocrotonic acid, dissolved in water or carbon 
bisulphide, by the action of a trace of bromine, in sunlight, 

Crotonic acid crystallizes in fine, woolly needles or in large plates, 
and dissolves in 12 parts water at 20®- The warm aqueous solution 
reduces alkaline silver solutions with the formation of a silver mirror. 
Zinc and sulphuric acid, bat not sodium amalgam, convert it into 
normal butyric acid. It combines with HBr and HI to yield jS-bromo- 
and j 3 -iodobutyric acid, and with ch.'(uine and bromine to form 
a) 3 -dichloro- and aj8-dibromobu+yric acids. Its methyl ester com¬ 
bines at 180° with sulphur (H. 28,1636), It polym'^rizes under the 
influence of sodium ethoxide to form a-ethylidere j8-methyl glutaric 
ester (B, 33 , 3323). Crotonic ethyl ester, similarly treated, yields 
/ 5 -ethoxybutyric ester (B. 33 , 3329). Wlien fusrd with potassium 
hydroxide, it breaks up into two molecules of acetic acid ; nitric acid 
oxidizes it to acetic and oxalic acids, and potassium permanganate 
to dihydroxybutyric acid (A. 268 , 7), Similarly to isocrotonic acid, 
crotonic acid is split up by ozone and water into acetaldehyde and 
glyoxylic acid (p. 294). 

Methyl ester, b.p. 121*; chloride, b.p. 114® (B. 84, 191); anhydride, b.p.^ 
128-130®, from crotonic acid and acetic anhydride, gives, BaO*, crotonyl 
peroxide (CIIjCHiCHCO),©,, m.p. 41 (C. 1903, I. 958)- 

(ifl) a-Ghlorocrotonic Acid, CH,,CH:CCl.CO,H, is obtained when trichloro- 
butyric acid (p. 289) is treated with zinc and hydrochloric acid, or zinc dust and 
water; also, by the action of alcoholic potassium hydroxide on a) 3 -dichloro- 
butyric ester (B. 21 , R. 243). 

(16) / 3 -ChUroerotonic Acid, CH,.CCl:CH.CO,H, is obtained in small quantities 
(together with ) 9 -chlonsacrotonic acid) from acetoacctic ester, and by the addi¬ 
tion of HCl to tetrolic acid. With boiling alkalis it yields Ictrolic acid (p. 304). 
Sodium amalgam converts both a- and )3-chlorocrotonic acids into ordinary 
crotonic acid. 

Chlorocrotonic acid, CHaCl.CH:CH.COjH, m.p. 77°» from the nitrile, b-p-j, 
73®* which is prepared by distillmg the addition product of HNC and epicblor* 
with PjO* (C, 1900, II. 37). 
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(ic) a-Bromocrotonle Add is prepared from the ester of dibromobutyiic acid. 

(id) fi-Bromocrotonlo Add is produced from tetrolic acid. 

Diohloro- and Dibromocrotonic Adds. (Sec Tetrolic Acid. p. 304.) 

(2) Isocrotonlo Add, Quartenylic acid, Cis-irans Crotonic Acid, Allocrotonic 
Acid, m.p, 15®, was first obtained from j5-chlorisocrotonic acid by means of 
sodium amalgam, and results also from a-chlorisocrotonic acid. It is also formed 
by distilling ) 3 -hydroxyglutaric acid under reduced pressure (C. 1898, II, loii). 
Heated in a closed tube to 170-180®, it is converted into crotonic acid, a change 
which also partially occurs during distillation. A further change is brought 
about by bromine in aqueous or carbon bisulphide solution in sunlight (C. 1897, 
II. 259). It can be separated from the solid crotonic acid by means of the 
increased solubility of its sodium salt in alcohol, or its more easily soluble quinine 
salt in water (C. 1897, II. 260 ; 1904, 1 .167). Melted ^ith potassium hydroxide 
isocrotonic acid yields only acetic acid, like the ordinary crotonic acid, into which 
it may first be changed. Sodium amalgam has no action on it. It absorbs 
HI, forming fl-iodobutyric acid (B. 22 , R. 741). Chlorine unites with it to form 
a liquid dicnloride, C^H^CljOj, the iso-a)8-dichlorobutyric acid, which gives 
up HCl. changing into a-chlorocrotonic acid. KMn04 oxidizes it to Isodihydroxy* 
butyric acid (q.v.) (A. 268 ,16). 

(2a) a-Chlorisocrotonic Ajid is obtained by the action of sodium hydroxide 
on free ajS-dichlorobutyric acid. It is the most soluble of the four chlorocrotonic 
acids (B. 22 , H. 52). * 

(zh) When PCI4 and water act on acetoacctic ester, CH3CO.CH2COCJH4, 
fi-chlorisocrotonic acid (^\ith ) 3 -ch]orocrotonic acid) is produced. It is very pro¬ 
bable that / 3 -dichlorobutyric acid is formed at first, and this afterward parts with 
HCI. It IS also formed by protracted heating of fl-chlorocrotonic acid. 

Sodium amalgam converts both the a- and ^-chlorisocrotouic acids into liquid 
isocrotonic acid (H. 22, 52). 

a-Bromisocrotonic Acid is produced by the action of sodium hydroxide on 
free a) 3 -dibromobutj»ric acid (B. 21 , R 242). 

(,0 Vinyl Aoetic Acid, CHatCH.CHaCOOH, b.p.j* 71®, is produced, together 
with glulaconic acid, by healing ) 3 -hydroxyglutaric acid; also from ) 3 -bromo- 
n-glutaric aud by the action of sodium hydroxide solution ; or by heating a 
solution of its neutral sodium salt. It can further be obtained from allyl 
bromide, COg, and Mg, in ether ( 1 ^. 36 , 2897). It is an oil, volatile in steam. 
Boiling with sodium liydroxi<lc converts it into ordinary crotonic acid and 
)S-hydioxybuf \\ jc acid ; acids produce the ordinary crotonic acid only. Bromine 
changes it luth j3y-dibromobutvric acid, which gives / 3 -hydroxy-y-butyrolactone 
when boiled uitli water. Caloiunt salt, (C4H50j)2Ca-f-H,0 (B. 35 , 938), Vinyl 
Acetomtrtle, AUvl Cyanide, CUsrCH.CHjCN, b.p. 118®, obtained from allyl 
bromide 01 ioilide with alkali cyanide, yields solid crotonic acid on hydrolysis, 
accompanied liy internal change. Bromine produces ) 3 y-dibromobutyronitrile, 
which, on saponification, yields ) 5 y-dibromobutyric acid ; reduction of the latter 
with zinc and alcohol gives risi' to vinyl acetic acid (C. 1905, I. 434). 

(4) Methacrylic Acid, m.p. t6°. b.p. 160*5®, Its ethyl ester 

was first obtained by the action of Pri^ on hydroxy-isobutyric ester, 
{CHa)2C(OH).C02.CjH5. It can be prepared from a-bromisobutyric acid 
by warming it with concentrated sodium hydroxide solution (A. 342 , 159). 
It is, however, best prepared by boiling citrabromopyrotartaric acid (from 
citraconic acid and HBr) with water or a soclium carbonate solution : 


C5H,B^04=C4H402+C02^-HB^. 

It crystallizes in prisms which are readily soluble in water; it polymerizes 
on keeping and in contact with llCl to Polymethacrylic Acid (B. 30 ,1227). Sodium 
amalgam easily converts it into isobutyric acid. With HBr and HI it forms 
a-brom- and a-iodo-isobutyric acid, whilst bromine produces ojS-dibromiso- 
butyric acid, whereby the assumed constitution is sub^antiated (J. pr. Ch. [2] 
25 , 369). Fusion with potassium hydroxide decomposes it into propionic and 
formic acids. The nitrile, b.p. 90®. is produced from acetone cyanhydrin by 
P,Og (C. 1898, II. 062). Bromomethacrylic acid and Isobromometkacrylic acids, 
BrCH:C(CH8)COOH, m.ps. 64® and 66®, are produced from citra- and meso- 
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petroleum ether. Heat changes the iso-acid into the normal form, which on 
further heating is decomposed into HBr, CO|, andallcno (p. 90) (A. 348 , 163). 

The characterization of the four crotonic acids can be eftcctcd through their 
anilides, CgHj.CO.NHC.Ha, which arc obtained by treating the acids with 
PCI,, aniline, and sodium hydroxide (B 5 38 , 254): 

Crotonic Anilide, m.p. 1x8®; Vtnyl Acetic Anilide, m.p. 58®; Isocrotonic 
Anilide, m.p. 102®; Methacrylic Antltde, m.p. 87®. 

Pentenic Acids, c^Hj.cOsH. 

Of the isomers of this formula, angelic or a) 3 -dimethyl acrylic acid is the most 
important. It bears the same relation to tiglic acid tliat was observed with 
crotonic and isocrotonic acids (p. 295)> 

2. Angelic Acid, “^-P- 45 °. b.p. 185®, exists free 

along with valeric and acetic acids in the roots of Angelica archan^elica, 
and as butyl and amyl esters, together with tiglic amyl ester, in 
Roman oil of cumin, the oil of Anthemis nobilis, 

• 

Angelic acid congeals, ^hen well cooled, and may be thus separated from liquid 
valeric acid by proasure. Angelic and tiglic acids can be sep.iratcd by means 
of the calcium salts, that of the hrst being very readily soluble in cold water 
(B. 17 , 22O1; A. 283 , 105). 

When 10 grams of angelic acid are boiled for twenty hours with sodium 
hydroxide (40 grams NaOH in lOo grams of water), two-thirds oE it arc converted 
into tiglic acid. Heating with water at 120® will change over one-half of it to 
tiglic acid (A. 283 , loS). When pure angelic acid is heated to boiling for hours 
it is completely changed to tiglic acid. The same occuis by the action of 
concentrated sulphuric acid at 100®. It dissolves without dilficully in hot water, 
and volatilizes readily in steam ; ethyl ester, b.p. 141®. 

Tiglic Acid, a~Methyl Crotonic Acid, m.p. 64-5®, b.p. 198®, 

present in Koman oil of cumin (see above), and in croton oil (from Croton 
tiglium), is a mixture of glycerol esters of various fatty and oleic acids. It can 
be prepared from methyl ethyl hydroxy-acetic acid, (C2HB)C(CHa)(OH).COOH, by 
the abstraction of water. Together with angelic acid it is obtained om hydroxy- 
pivalic acid, H0.CHjC.(Cns)aC001I, by an internal change accompanied by the 
loss of water, according to mode of formation 5 (p. 291). Also from acetaldehyde 
and propionic acid, by mode of formation xo (p. 291). 

Ethyl ester, b.p. 152®, is converted by bromine into two dibromides (A. 250 , 
240; 259 , I ; 272 , i ; 273 , 127 ; 274 , 99). For their constitution, compare 
B. 24 , R. 608 . The three possible acids, C4H,COaH, with normal structure are 
also known (Fiittg, A. 283 ,47 ; B. 27 ,2658). Propylidene Acetic Acid, afi-Pentenic 
acid, CHj.CHa.CHiCH.COaH, m.p. 10®, b.p. 201®, is formed, together with y~ 
hydroxy valeric acid, on boiling ethylidene propionic acid with sodium hydroxide; 
as well as from malonic acid, propionic aldehyde and acetic anhydride, together 
with fly-pt ntenic acid; dibromtde, m.p. 5^®. Ethyhdene Propionic Actd, p-Pentenic 
acid, CHjCH:CH.CH2COaH, b.p. 194®, is best prepared by the distillation of 
methyl paraconic acid (B. 37 , 1997). It is also produced by the reduction of 
vinyl acrylic acid (p. 305) by sodium amalgam (B. 85 ,2320). dtbromide, m.p. 65®, 

a-Ethyl Acrylic Actd, CH^~C{C^Hi)COOH, m.p. 45®, b.p. 180®, is obtained 
from a-bromo-a-ethyl succinic acid. On warming with concentrated sulphuric acid 
it is partially changed to tiglic acid, partially into CO and methyl ethyl ketone, 
CH3.CO.C4H5 (C. I 905 i I* 591)- Sulphuric acid produces similar decompositions 
and changes in the homologous a-alkyl acrylic acids (C. i905» II- ^12). 

Pp-Dimethyl Acrylic Acid, (CH3)3C:CH.C03H, m.p. 70®, is obtained (1) from 
)3-hydroxy-isovaleric acid by distillation; (2) from acetone and malonic acid by 
means of acetic anhydride (B. 27 , 1574); (3) from its ester, produced when 
a-bromisovaleric acid ester is heated with diethylaniline (A. 280 , 252); (4) from 
mesityl oxide by the breaking-down action of sodium hyi^chlorite: 

NaCIO 

- > (CH,).C:CHCOOH-|-CHP,. 


(CH.)5C:C0CH5 
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(C. X905, II 614 ) The ethyl ester and HNOa yield two isomenc monoxutro 
compounds See B 29 , K 956 for its denvatives 

Ailyl Acetic Aadt ^Pententc Actd, CH| ClI CH^ CHs CO^II bp 187^, la 
obtamed on heatmg allyl malonic acid 

Hexenlc Acids, C«lIioO| 

The normal acids belonging to this class axe Hydro- and Isokydrosotbtc Aetds 

Hydrosorbic Acid, PropyMene Propionic Acid, py Hexemc Acid - 

CH CH CH, COaH, b p 208®, is obtained from ethyl paracontc acid^ CH, CH, - 

ill CH(CO,H)CH,Co 6, according to method 13 (p 292), hence it is probably 
a fiy-unsaturated acid It is the first reduction product of sorbic acid, CHsCH CH - 
CH CH COaH Durmg the reduction a shifting of the double union occurs On 
boiling hydrosorbic acid with sodium hydroxide. It passes into the isomer 
whose formation one might expect in the reduction of sorbic acid—^into Isohydro- 
Corbic heidf ox Butylidene Acetic Acid a)3 Hexenic Acid, CHsCH|CHsCH CHCO,H, 
™ P 33 °* ^ P 216® It is also prepared, together with a little of the jSy-acid, by 
heatmg a-brcnmocaproic ester with quinoline (B 24 , 83 , 27 , 1998) When its 
bromme addition product is boiled with water, hydroxy-caprolactone and homo- 
laevulinic acid result (A 268 , 69) 

yS Hexemc acid, CHjCH CH CH,CH,COOH, m p o®, b p 206® (see mode of 
foimation 13, p 292) Permanganate breaks it down into acetic acid and succimc 
acid (B 37 , 1999) Zc-Hexemc aad, CH^CHCH|CHsCH,COOH, bp *203®, i& 
formed, together with the y8 acid, from a hydroxy a methyl adipic acid by 
the action of heat, also from a aminocaproic acid by means of mtrous acid 
(B 87 , 1999) 

Vinyl Dimethyl Acetic Acid CH, CH C{CH,),COOH, b p 185® Its ester is 
obtained from aafi tnmethyl hydracrylic ester by P, 0 , The acid is oxidized 
by permanganate to dimethyl malonic acid, (CH3),C(COOH), Analogously 
many homologous alkenyl dimethyl acetic acids can be obtained (C 2906, 11 317, 
XI16) Their dibromides are partially decomposed by alkalis in an abnormal 
manner 

ap Isohexcntc Aad, p-Isopropyl Acrylic Acid, (CH,),CH CH CHCOOH, bp 
2X2®, from p hydroxycaproic acid or a bromisocaproic ester (B 29 , R 667, 
C 1899, I 1x57) 

Fthyl Crotomc Acid CH, CH C(C,Il5)COOH, mp 40®, and. Ethyl Isocrotonic 
Acid, b p 200® arc obtained together on the distillation of diethyl glycolic acid, 
(C,n5),C(OH) COOH Ihe first is a sublimable solid the second a liquid The 
lattt r IS converted into the solid aeid when heated under pressure to 200® (A 884 , 
105) Ihe calcium salt of the iso leid is less soluble m hot water than in cold 

Pyroterebic Acid, (CHs)2C (H CH, CO,H, and Teracrylio Aoid, C,H, - 
CH CH CH, ( 0 ,H, b p% 218® (A 208 , 37, 39). belong to the acids C,HioO, and 
C|Hi,0, Ihey deserve notice because of their genetic connection with two 
oxidation products of turpentme oil— terebtc aetd and terpenyhe acid —which will 
be considered in Vol II Pyroterebic acid is changed by protracted boiling or 
by HBr to isomeric isocaprolactone: 

(CH,),(i CH, CHjCoi 

Teracrylic acid is converted py HBr into the isomene heptolactone : 

C,H jCH CH, CH, Coi 

Nonylenic Acid, CH,(CH,),CH CH CO,H, from ocnanthol by general method 
of formation 10, p 29X 

Decylentc Aad, C,H|, CH=CH CH, CO,H, is formed from hexyl paracomc 
acid, according to general method of formation xi, p 292 

Vndecylenic dad, CH,=CH(CH,)8CO,H, mp 245®, bp,, 165®. ^ Pro¬ 
duced, together with cenanthol (p 201) (C igoi, I 612) by distilling castor oil 
under reduced pressure It yields sebacic acid, (CH,),tCO,H), (qv) on oxida¬ 
tion (B 19 , R 338, 19 , 2224) Chloride, bp,, 126®. anhydndt m p 13®, 
b p „ 170® , nitrile, b p „ 130® (B 83 , 3580), amide, m p 85® (B 31 , 2349) 
When its dtbromide, m p 38®, is incompletely decomposed by alcoholic potassium 
hydroxide, Dehydro-undecylenic Acid, CH=C[CHJ,CO,H, m p 43®, is obtamed, 
which, fused at x8o® with potassium hydroxide, chaxiges to Undecohe Actd, 
CHa.C:C[CHg],CQiH, mp. 59® (B 29 , 2232). 
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HIglier Olefine Honoearboxylie Acids. 

To ascertain the point ot the doubly linked carbon atoms in the higher olefine 
monocarboxylic acids, the latter are converted into their corresponding acetylene 
monocarboxylic acids (p. 302), which, in turn, are oxidised and split open at the 
point of triple carbon union; or the^ are changed to ketone carboxylic acids, 
and these are then broken down. Thus, oleic acid yields stearolic acid, which 
maybe oxidized to azelaic acid, CjTI,4(C02H)2, and pelargonic acid, CgHi^COjH, 
This would mean tl\at in stearolic acid the cari)on atoms 9 and 10 are united by 
three bonds, and that they are the atoms which in oleic acid arc in double union. 
This conclusion is coiiflrmod by the conversion of stearolic acid, by means of 
concentrated sulphuric acid, into ketostearic acid, whose oxime undergoes the 
Beckmann rearrangement at 400“, as the result of the action of concentrated 
sulphuric acid. Two acid amides result, which are decomposed by fuming 
hydrochloric acid, the one into octylamine and sebacic acid, the other into pclar- 
gonic acid and 9-atninononanic acid (B. 27 ,172): 


Oleic Acid. 


Stearolic Acid. 


Ketoximr* 
■teanc AciJ. 


l,,Cn;CH[CH,],C02U-V C,H„C'IlBr.CHBr[CHJ,CO,Il 

C,H„C~[CH,],CO,H -> f'II,rCH,],rO,H 

Kctcateanc Acid. 

C,-i.,C(N0H)[CHs]2C02a 


y 




C,Hi2NHC0[CHJjC02ll 

c,h,,n ]^[3 [cii.],(ro,Ti), 

Octylamine. Sfbacic Acid. 


CgHi^CO NHCnijlgCOjH 

NH2[CH2laCOJ-l 

Pclai ^a>nic Acid. 9-.\minononaDiL 

Acid. 


The constitution of hypoga;ic and erucic acids has been determined in the 
same manner. 

The constitution of stearolic acid still remained doubtful, however, since 
ketostearic acid. C\ 8 H,yCO[CHj] 8 COC>H, could also be formed from an acid of 
the formula CyH,8C'”C[CH2]gCOOH. However, the assumed constitution of oleic 
acid was substantiated by Iwilmg its ozontde with water, \vh reby the decom¬ 
position produLts, nonyl aldehyde and azelaic aldehyde acid, were obtained 
together with their oxidation pioducts. pclargonic acid and azelaic acid (B. 39 , 
3732): 

CH[CH,],C 00 n--> C,U„CHO-fOCll[Lll 2 ],COOH. 

o-T 


Hypogsaic Acid, CH3[CfI,]2CH:CH[CH2]5C02H, m.p. 33®, b.p.,^ 236®, found 
as glycerol ester in carthnut oil (from the fruit of Arachis hypogeea), crystallizes in 
needles. It results when stearolic acid is fused with KOH fit 200^ (B. 27 , 3397). 


Oleic Acid, co,H “^ 18 ^ 3402 * ni.p. 14®, b.p.i© 

223°, occurs as glycerol ester {triolein) in nearly all fats, especially 
in the oils, as olive oil, almond oil, cod-liver oil, etc. It is obtained 
in large quantities as a by-product in the manufacture of stearic 
acid (p. 264). , 

In preparing oleic aicid, olive or almond oil is saponified with potassium 
hydroxide and the aqueous solution of the pota.ssium salts precipitated with lead 
acetate. The lead salts which separate are dried and extracted with ether, when 
lead oleate dissolves, leaving as insoluble the lead salts of all other fatty acids. 
The ethereal solution is mixed with hydrochloric acid, the lead chloride is filtered 
off, and the liquid is concentrated. The acid obtained in this way may be Irac- 
tionated by distillation under strongly diminished pressure. ^ 
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Oleic acid in a pure condition is odourless, and does not redden 
litmus. On exposure to the air it oxidizes, becomes yellow, and 
acquires a rancid odour. Nitric acid oxidizes it with formation of all 
the lower fatty acids from capric to acetic, and at the same time dibasic 
acids, like sebactc acid, are produced, A permanganate solution 
oxidizes it to azelatc acid, C9 H^q 04. Moderated oxidation produces 
dihydroxystearic acid, m.p. 136° (C, 1898, 1 ,176, 629 ; 1899, I. 1068). 

It unites with bromine to form liquid dibromostearic acid, C, which 

is converted by alcoholic KOH into monobromoleic acid, Ci^H^gBrOg, and then into 
stearolic acid (p. 304). Reduction by hydrogen and finely divided nickel 
(C. 1903, I. ii99)> OT by electrolytic methods (C. icfo5, II. 305) converts oleic 
acid into stearic acid. 

Oleic Anhydride, m.p. 28° (C. 1899, I. 1070); chloride, b.p.j, 213” (B. 33 , 

3584)- 

ElaYdic Acid, m.p. 51“, b.p.jo 225“, results 

from the action of nitrous acid on oleic acid. Oxidation with KMn04 
produces a dihydroxystearic acid, m.p. 99° (C. 7.899, I* 1068). Elaldic 
Bromide, m.p. 27°, is reconverted into tlie acid by sodium amalgam; 
chloride, b.p.|3 216° ; anhydride, m.p. 50° ; nitrile, b.p.15 214° (B. 83 , 
3582) ; amide, m.p. 90® (C. 1899, 1 . 1070). 

Iso-oleic Acid, m.p. 44-45®, is obtained from the Hl-addition pro¬ 

duct of oleic acid—iodostcaric acid—by treatment with alcoholic potassium 
hydroxide; or from hydroxystcaric acid, formed from oleic acid by the action 
of concentnited sulphuric acid, by distillation under reduced pressure (B. 21 , 
K. 398 ; 21 , 1S78 : 27 , R. 576). 

Hydriodic acid reduces oleic and claidic acids to stearic acid. Oleic, ela'idic, 
and iso-olcic acids, when fused witli potassium hydroxide, break down into 
palmitic acid and acetic acid. 1 liis is, however, a reaction that cannot be accepted 
as proving that the double union in the three acids holds the same position. 
'I'he common view is that oli'ic and elaidic acids are stereoisomers, and that 
iso-olc*ic is a structural isomer of the other two acids. 

Bromine converts the three acids into three different dibromostearic acids. 
Carefully oxidized with potassium permanganate, they yield three different 
dihydroxv-stearic acids. 

A*'Ofeic Acid, CH,[CH,]i4CH.CHCOOH. m.p. 59, is prepared from a-iodo- 
stearic acid and alcoholic potassium hydroxide. Potassium permanganate pro¬ 
duces 2,^-Dihydroxystearic Acid, m.p. 120®. and subsequently palmidc acid (C. 
1906, I. 819). 

r' w T4 

Eruclc Acid, * m.p. 33-34*, b.p.,, 254-s", occurs 

as its glyceride in rape-seed oil {Brassica campestris), in the fatty oil of mustard 
seed, and in grape-seed oil. By oxidation, erucic acid yields nonylic acid 
and brassylic acid (B. 24 , 4120; 25 , 061, 2667 ; 26 , 639, 838, 1867, R. 795. 811); 
anhydride, m.p. 47-50® (C. 1899, I. 1070), 

Isoeracle Acid, see B. 27 , R. 166, 577. 

Brassidic Acid. ^ jj^>c=C<|? jj cooH'™ P- P P^P**"*^ 

from erucic acid by the action of nitrous acid (B. 12 , 3320) and is to erucic acid 

what elaidic acid is to oleic. 

* 

Linoleic and ricinoleic acids, although not belonging to the same 
series, yet closely resemble oleic acid. The first is a simple, unsatu¬ 
rated acid, the second an unsaturated hydroxy-acid. 

Linoleic Acid, LinoUc Acid, CigHsaO,, occurs as its glyceride in 
drying oils, which quickly oxidize in the air, become covered with 
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a sldn. and then solidify— e.g. linseed oil, hemp oil, poppy oil, and 
nut oil. In the non-drying oils—olive oil, rape oil from Bratssica 
campesiris, rape oil from Brassica rapa, almond oil, fish oil, etc.— 
the oleic glycerol ester occurs. ^ 

Various hydroxy-fatty acids are produced when linoleic acid is oxidized with 
potassium permanganate. From the fact that they can be formed, it has been 
concluded that certain other acids exist in the crude linoleic acid (B. 2 i, R. 436 
and 659). On Oleomargortc Actd, as a stereoisomer of linolic acid, obtained 
from Japanese wood oil, sec, C. 1903, II. 657. 

Eicinoleic Acid, C18H34O3 == CH3[CH2]6.CHOH.CH2CH:CH(CH2)r 
C02H,[a]D==+6'67® (B. 27 , 3471), is present in castor oil in the form 
of a glyceride, [a]n=+3®. The lead salt is soluble in ether. Subjected 
to dry distillation, ricinoleic acid splits into omanihol, C7H14O, and 
undecylenic acid, C11H20O2. 

Fused with potassium hydroxide, it changes to sebacic acid, C,H,b(CO*H)„ 
and sec.-octyl alcohol, (C|Hia)CHOH.CH|. It combines with bromine to form 
a solid dxhromxde. When< heated with HI (iodine and phosphorus), it is trans¬ 
formed into iodolcic acid, which yields stearic acid when heated with 

zinc and hydrochloric acid (B. 29 , Suo). 

The point of double union between the carbon atoms in ricinoleic acid is 
ascertained as in the case of oleic acid : 

(i) Byconversion into ncxnostearolxc acid, m.p. 5^®, (2) and this into Ario- 
hydroxystearic acid, m.p. 84°, (3) finally, by the breaking down of the oxime 
of the latter acid (B. 27 , 3121 ; C. iqoo, II, 37). 

Nitrous acid converts ricinoleic acid into isomeric fxcinrlaxdxc acid, m.p. 
53“ C. (see B. 21 , 2735 ; 27 , R. 629). 

Alkyl ester and Acyl derivatives (B. 36 » 781). 

Rapinic Acid, CjgHsiOs, occurs as glycerol ester in rape oil (B. 29 , R. 673). 

TTnBaturated Acids, C„H2n-3C02H. 

The acids of this series contain either a trebly linked pair of carbon 
atoms, e.g. like acetylene (p. 86), or two doubly linked pairs of carbon 
atoms, as in the diolefines. Thc^?’ arc, therefero, distinguished as acety¬ 
lene monocarboxylic acids: propiolic acid series and diolefine mono- 
carboxylic acids. 


C. ACETYLENE CARBOXYLIC ACIDS 

Methods of Formation. —(la) By the action of alcoholic potassium 
hydroxide on the brom-addition products of the oleic acids, and (6) 
the monohalogen substitution products of the oleic acids. This is 
similar to the formation of the acetylenes from the di-halogen sub¬ 
stitution products of the paraffins and the mono-halogen substitution 
products of the olefines. 

(2) From the sodium derivatives of the mono-alkyl acetylenes by 
the action of CO2: 

CHa.feCNa+COz = CH8C=C.C02Na. 

like the acetylenes, they are capable of taking up 2 and 4 monovalent 
atoms. 
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Tho addition of tiio constituents of water at the treble bond converts these 
substances into keto-acids Like the jS-keto-acids (f.e.) the aj 9 -acetylene car¬ 
boxylic acids (alkyl propiolic acids) lose COg on heating and become converted into 
acetylenes, filing with aqueous alkahs produces intermediate ) 3 -keto-acids, 
which break up mto ketones and alkali carbonates (comp C 1903, II, 487, 
etc ) 

Ammonia converts alkyl propiohc esters into amxdest which give up water 
to phosphonc anhydride, formmg mtriles Primary and secondary amines^ 
when added on to the molecule form B~amtno~acryhc ac%ds , hydrazines form 
pyrazolons A solution of sodium alcoholate or alcoholic potassium hydroxide, 
acting on esters or nitriles, produce derivatives of B-alkoxyacrylic acids or B-acetal 
carboxylic acid, RC(OCtH5) CHCOOH and RC(OCiH3)a CHjCOOH (C 1904, 
I 659, 1906,1 651,912.1095. 1907 .1 25,738) 

Propiolic Acid, Propargylic Acid [Pfopme-Acid], CH*C CO,H, m p 6®, b p 
T44®, with decomposition, conesponds with propargyl alcohol (p 125) The 
potasiium saltt CgHOjK-f H3O is produced from the primary po^sium salt of 
acetylene dicarboxylic acid, when its aqueous solution is heated: 

C COjH CH 

III « III +CO3. 

CCO,K CCO.K 

similarly to the production of acetic acid from malonic acid (p 256). 

The aqueous solution of the salt is precipitated by ammoniacal silver and 
cuprous chloride solutions, with formation of explosive metallic derivatives By 
prolonged boilmg with water the potassium salt is decomposed into acetylene 
and potassium carbonate 

Free propiohc acid, liberated from the potassium salt, is a liquid with an 
odour resembling that of glacial acetic acid It dissolves readily m water, 
alcohol and ether and reduces silver and platinum salts Exposed to sunlight 
out of contact with the air it polymerizes to trimcsic acid: 

ac.ncOjjH c^u,{co^n)^ 

Sodium amalgam converts it mto pi opionic acid It forms ) 3 -halogen acrylic 
acids with the halogen acids (p 294) (B 19 , 543), and with the halogens yitids 
a/8*dihalogcn-aciylic acids 

Ethyl L\ier bp 119® With ammoniacal cuprous chloride it unites to a 
stable yellow coloured compound Zme and sulphuric acid reduce it to ethyl 
propargylic ester (p 129) (B 18,2271) 

Chloroproptoltc Acid, CCl C ( 0 ,H, is produced from dichloracryltc acid 
(p 295), and Bromopropiohc Acid, CjBrHOj, from mucohromic acid lodo- 
propiolic Acid mp 140®, is obtained by saponifying its ethyl ester, mp 68®, 
which may be prepared from the Cu compound of propiolic ester by the action 
of iodine 


The three acids decompose readily into carbon dioxide and spon¬ 
taneously inflammable chloracetylene, CC 1 =CH, hromacetylene and 
todoaceiylene. The addition of halogen acids leads to j8j8 di- 
halogen acryhc acids, whilst the halogens give rise to tnhalogen 
acrylic acids. 

Carbon dioxide converts the sodium compounds of the corre¬ 
sponding allqrl acetylenes into the following homologues of propiohc 
aad (B. 12, 853; J. pr. Ch. [2] 87 , 417; B. 83 , 3586); the same 
result IS obtained with chlorocarbomc esters (C. 1901, L 1148; 
1903. L 824; II. 487): 

RC^Na+UCO,C,H^-^ RC^CCO,C,IU+NaCh 
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Tetrolle Acid, Methyl Acetylene Car- M. P. B. P. 

boxylic Acid .CHjC^EC.COjH 76® 203® 


Ethyl Acetylene Carboxylic Acid . . . rHa-CHg-C^ 80® 

n-Propyl Acetylene Carboxylic Acid .‘ClIa.c'Hj.CHa.C- -C'.COjH 27® 125® 

(20 mm.) 

Isopropyl Acetylene Carboxylic Acid . . {CH3)aCH.C-C.COjH 38® 107® 

(20 mm.) 

n-Butyl Acetylene Carboxylic Acid . . CHj.[CHj3C= C.CO2H liquid 136® 

{20 mm.) 

tert. Butyl Acetylene Carboxylic Acid . . (CH,)8C.& C.COaH 48® ito® 

(10 mm.) 

Amyl Propiolic Acid . . CsHuCr. C.c'Odl 5® 149° 

{20 mm.) 

Hexyl Propiolic Acid .CaHigKX'.COEH —10® 155® 

(18 mm.) 

Heptyl Propiolic Acid .C.COJI 6-10® 166® 

(2u nun.) 

Nony] Propiolic Acid .C'.COoH 30® — 

Tetradecyl Propiolic Acid .... C HaLClIJisC C.CO2II 44® — 

t 

Of these, Tetrolic Acid has been the most tU<)ioui;iilv investigated, and is 
obtained from ) 9 -chlorocrotonic acid and ^-chlorisocrolonic arid when tlicsc are 
boiled with potassium hydroxide (A. 345 , 103). At 210° the acid decomposes 
into CO2 and allylcne, C3H4 (B. 27 , R. 751). Potassium permanganate oxidizes 
it to acetic and oxalic acids. It combines with IICI and HUr, forming / 9 -chloro- 
crotonic acid and ) 9 -bromocrotonic acid (B. 22 , R. 51 ; 21 , R. -243). With bromine, 
in sunlight, it yields dihyomocrotonic acid, m.p. 120°, whereas in the dark the 
halogen produces the isomeiic dibromocrotonic acid, m.p. 94® (If. 28 ,1877; 34 , 
4216). aaj 5 -Trichlorobutync acid (p. 289), upon the loss of ilCI, yields two 
dichlorocrotonic acids, m.p. 75® and 92® (B. 28 , 2665). These two acids arc also 
produced when chlorine acts on tetrolic acid. 

Tetrolic Ethyl Ester, b.p. 164®, forms the amide, m.p. 148®, with ammonia, 
together with )3-aminocrotonic ester. An aqueous .solution of the amide, when 
heated with mercuric chloride, becomes hydrated, forming acetoacetic amide: 

CIIaC^CCONH*- > CHgCO.CHjCONH*, 

Phcnylhydrazine forms the tetrolic ester, phenyl methyl pyrazolone ; diazoacetic 
ester produces a pyrazolc derivative (A. 345 , too). 

Several higher homolopiies of propiolic acid have been jirepared by the action 
of alcoholic potassium hydroxide on the brom-addition products ol the higher 
olefine monocarboxylic acids (p. 300). 

Undecolic Acid, CHjC:C[rH2],C02H, m.p. 59®. is obtained from undeclyenic 
acid (p. 299). By oxidation, azelaic acid is formed (B. 33 , 3 j7i). Isomeric with 
it is dehydro-undccylenic acid (p. 299). StearoUc Add, CjHi7C|C[CHj]2C08H, 
m.p. 48® (constitution, see p. 300), is obtained from oleic and riaulic acids. 
BehenoHc Add, C„H4oOj, m.p. 57*5® (constitution, see p. 300), from the 
bromides of erucic and bnssidic acids (B. 24 , 4116 ; 26 , 640, 1807). On warm¬ 
ing the last two acids with fuming nitric acid they yield the monobasic acids: 
stearoxylic, or <),\0‘diketostearic acid, CH5[CH2l7CO.CO'CHj],COjH, m.p. 86®, 
and behenoxylic. or \‘^,i^~diketobehenic acid, CH3[CH,]7C0.C0.[CHa],,C02H, m.p. 
96® (B. 28 , 276). 

Sulphuric acid converts stearolic acid into kctostcaric acid, and bchenolic 
acid into ketobrassidic acid (B. 26 , 1867), whose oximes are ihen converted by 
the sulphuric acid into C'gHi,CO.NH[CHj] 8 C 08 ll (p. 300). (OxidatiQo, comp. 
Erucic and Brassidir Acids, p. 301.) 
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D, DIOLEFINE CARBOXYLIC ACIDS 

A*.*-Diolefine carboxylic acids are obtained by the two following general 
methods:— 

(1) By the condensation of aj 8 *olefine aldehydes with malonic acid, by means 
of pyridine (B. 35 , 1143)* 

CHj;CH.CH 04 -CH,(C 00 H),-^ CHjiCH.CHiCHCOOH+H.O-i-CO,. 

(2) By the condensation of olefine aldehydes or ketones by means of halogen 
fatty acid esters and zinc, and subsequently splitting o^ water from the ^’hydroxy- 
olefine carboxylic esters thus formed, by heating with alkalis (B. 85 , 3633 ; 
36 , 15, C. 1903, 11 . 555 ) : 

CHjCHrCH.CHO-HBrZnCHjCOjR- > CH,CH:CH.CH(OH)CH,COOR 

-CH,CH:CH.CH;CH.COOH. 

Some of these acids are polymerized by barium hydroxide to di- and tri- 
molecular modifications whiqh give up CO„ forming the corresponding cyclic or 
trimolccular hydrocarbons (B. 35 , 2129) containing an eight-membered ring; 
«.g. from jS-vinyl acrylic acid ; 

CH,.CH;CH.CH, 

i | s=Cyclo-octadiene 
H,.CH:CH.CH, 

CH,.CH:CH.CH, 

CH .CH;CH.iH sDicyclo-dodecatriene 
iH,.CH:CII.t H,. 

Butadtoto Carboxylic Acid, CHj:CH.CH:CHCO,H, m.p. 102®, is formed, 
together with cthylidene propionic acid (p. 298), by the reduction of Petchloro- 
butadiene Carboxylic i 4 ci(i,CCl,:CCl.CCl:CCl.COjH, m.p. 97®, and Perchlorohutine 
Carboxylic Acid, CClj.C; C.CClj.COjH, m.p. 127®. These arc products of decom¬ 
position resulting from the two hexachloro-R-pentenes (Vol. II.) on treatment 
with alkali (B. 28 , i044)> 

^-Vlnyl Acrylic Acld,CH2:CH.CH:CHCOOH, m.p. 80®, is produced by condens¬ 
ing malonic acid and acrolein in the presence of' pyridine, and boiling the resulting 
product with water. •Reduction by sodium amalgam brings about addition 
at the 1,4 bonds (p. 90), forming aj8y-pcntenic acid (p. 298). Oxidation with 
permanganate converts it into racemic acid (B. 85 , H36). It is isomeric with 
butadiene carboxylic acid, towards ’^hich it may stand in the same relation as 
fumaric acid to maleic acid (private information from Herr Doebner). 

Sorbic Acid, CHaCH-^t'H.CH=CH.COOH, m.p. 134*5®, b.p. 228®, is obtained, 
together with malic acid, from the oil in the unripe juice of the berries of mountain 
ash aucuparta) (1859, A. W. Hofmann, A. 110 , 129). It exists there in 

the form of a lactone, the so-callod parasorbic acid (q.v.), which is boiled with 
sodium hydroxide or hydrochloric acid (B. 27 ,351). Synthetically, it is prepared 
from croton aldehyde and malonic acid with pyridine (Doebner, B. 33 , 2140), 
also from j8-hydroxy-y8-hexcnic acid, by boiling it with a 20 per cent, barium 
hydroxide solution (B. 35 , 3636). Oxidation by KMn04 produces aldehyde 
and racemic acid (q.v,), a reaction which reveals the structure of sorbic acid 
(B. 28 , 2377 ; 24 , 85) : 

CH,CH=CH.CH=CH.C 00 H-hH, 0 + 40 =CH,CH 0 +C 00 H(CH 0 H)jC 00 H. 
Sorbic Acid. • Racemic Acid. 

Sodium amalgam converts it into Hydrosorbic acid (p. 299). Heated with 
ammonia, sorbic acid yields a diaminocaproic acid ; hydroxylamine brings about 
a peculiar reaction'resulting in acetyl acetone dioxime (p. 355) (B. 87 , 33x6). 
Sorbic Ethyl Ester, b.p. 95®, a-Methyl Sorbic Acid, m.p. 01^, tt-LUhyl Sorbic Acid, 
b.p. 76®, and pi^-D^methyl Sorbic Acid, m.p. 93 ®» are obtained by method 2 (above). 

VOL. 1 . ^ 



ORGANIC CHEMISTRY 


306 

y€-Difi 9 thyl SorMcAcid, b.p.|« i65*» is prepared according to method 1 (p. 305) 
from a-methyl / 3 -ethyl acrolein and malonic acid. 

Dlallyl Aeetio AeM» (CH|:CH.CHa)|CH.COtH» b.p. ^^7^ is obtained from 
cthyl-diallyl acetoacetate and diallyl malonic acid. Nitric acid oxidizes it to 
tricarballylic acid, (CO,H.CH,),CHC©,H. 

Geranie Add belongs to the class of olefine dicarboxylic acids. It will be 
described together with the olefine terpene bodies (Vol. II.)• 


IV. DIHTDl^IC ALCOHOLS OR OLTCOLS, AO 
THEIR OXIDATION FRODVCTS 

The monohydric alcohols, with their oxidation products,—^the alde¬ 
hydes, the ketones, and the monocarboxylic acids, with their deriva¬ 
tives,—were discussed in the preceding section. 

Closely allied to these are the dihydric alcohols or glycols, and 
such compounds as may be considered oxidation products of the 
glycols. 

The glycols are derived from the hydrocarbons by the replacement 
of two hydrogen atoms attached to two different carbon atoms by two 
hydroxyls. In the case of the monohydric alcohols we distinguished 
three classes—primary, secondary, and tertiary alcohols. With the 
glycols the classes are twice as numerous. The compounds, which may 
be considered as oxidation products of the glycols, contain either two 
similar, reactive, atomic groups— e.g.: 
the dialdehydes {glyoxal, CHO.CHO), 
the dikelones [diaceiyl, CH3CO.COCH3), 
the dicarboxylic acids [oxalic acid, COOH.COOH), 
and therefore exhibit double the typical properties of the oxidation 
products of the monohydric alcohols—compounds of double function ; 
or they contain two different reactive atomic groups in the same 
molecule, and have, therefore, the typical properties of different 
families of compounds. The following bodies*have such a mixed 
function : 

Aldehyde Alcohols [Glycolyl Aldehyde, CHgOH.CHO). 

Ketone Alcohols [Acetyl Carbinol, CH2OH.COCH8). 

Aldehyde Ketones [Pyroracemic Aldehyde, CH3.CO.CHO). 

Alcohol Acids or Hydroxyacids [Glycollic Acid, CH2.OH.COOH). 
Aldehydic Acids [Glyoxylic Acid, CHO.COgH). 

Keionic Acids [Pyroracemic Acid, CHg.CO.COOH). 

Four classes—alcohols, aldehydes, ketones, and monocarboxylic acids—occur 
with the monohydric alcohols and their oxidation products, whilst in the case of 
the dihydric alcohols and their oxidation products ten classes of derivatives are 
known. The successive series in which these ten classes will be discussed readily 
follow, if their systematic intcnlcpendence be developed similarly to that of the 
univalent alcohols and ^heir oxidation products. 

Monohydric Alcohols and thsir Oxidation Products. 

la. Primary Alcohols. 2. Aldehydes. 4. Monocarboxylic Acids. 

lb. Secondary Alcohols. 3. Ketones. 

' Tertiary Alcohols. 
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Dibydric Alcohols and trbir Oxidation Prodocts. 


la. Diprimary Olysoli* 


CH,.OH 

CHj.OH 

Glycol. 


lb. Prim. sec. Glycols. 


ic. Prim. tcrt. Glycols. 

id. Disec. Glycols. 

itf. Sec. tert. Glycols. 
if. Ditert. Glycols. 


aa. prim. Hydroxy* 
aldehydos* 

4. Dialdehydes. 

CHO 

CH,OH 
Glyoolyl Aldehyde. 

CHO 

CHO 

Glyozal. 

26. sec. Hydroxysldo- 
hydes. 

30. prim. Hydroxyke- 
tones. 

5. Aldehydketones. 

2c. tert flydroxyalde- 

• hydes. 

36. sec. Hydroxykctones. 

6. Diketones. 

3c. tert. Hydroxykctones. 


7a. prim. Hydroxyearboxylle 
Acids. 

8. Aldehydocarboxylie 
Aelds. 

xo. Diearboxylle Aelds. 

C^OH 

CH,.OH 

Qycolhc Add. 

CO,H COOH 

' CHO COOH 

Glyoxylic Add. Ozalio Aad. 

76. sec. Hydroxyearboxylle 
Acids. 

9. Ketone Carboxylic 
Acids. 

7c. tert. Hydroxycarboxy- 
lic Acids. 


The dihydric alcohols and their oxidation pioducts will be described 
and discussed in the following order : 

1. Glycols, Dihydric Alcohols. 

2. Hydroxy aldehydes. Aldehyde Alcohols. 

3. Hydroxykctones, Ketone Alcohols. 

4. Dialdehydes. 

5. Aldehyde Ketones. 

6 . Dtketones. 

7. Hydroxyacids, Alcohol Monocarhoxylic Acids* 

S. Aldehyde Monocarhoxylic Acids. 

9. Keio-monocarhoxylic Acids. 

10. Dicarhoxylic Acids. 

From the very nature of the conditions there are no compounds in 
any of these series which contain but one carbon atom in the mole¬ 
cule. However, carbonic acid with its exceedingly numerous derivatives 
will be introduced before the dicarboxylic acids—^the carbonic acid group. 


Carbonic acid is the simplest dibasic acid ; it is similar, in many respects, to 
the dicarboxylic acids and a special type for such acids, which, like it, only occur 
in an anhydride form. Formic acid, the simplest acid, showing, at one and the 
same time, the character of an aldehyde and a monocarhoxylic acid, might, for 
the very same reason, have been placed before glyoxyhc acid, at the head of the 
aldehyde acids. However, it is customary to place formic acid at the head of 
the fatty acids, because the acid nature in it appears more prominently than does 
its aldehyde character. 


I. DIHYDRIC ALCOHOLS OR GLYfOLS 
A. PARAFFIN GLYCOLS 

Wiirtz (1856) discovered glycol, and thus succeeded in filling the 
ip between the monohydric alcohols and the triacid alcohol, glycerol, 
e chose the nan^je glycol to indicate the relation of the new body to 
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alcohol on the one hand and glycerol on the other. Glycols are dis¬ 
tinguished as a-, j 3 -, y-, 5 -, etc., according as the hydroxyb are attached 
to adjacent carbon atoms (1,2), or in 1,3-, 1,4-, and 1,5- positions 
respectively. There are also diprimary, primary-secondary, etc., 
glycols (consult p. 307). The Geneva names are obtained for the 
glycols by attaching the final syllable “ diol" to the name of the 
parent hydrocarbon. 

Glycols differ from the monohydric alcohols just as the hydroxides 
of bivalent metals differ from those of univalent metals, or as a dibasic 
acid from a monobasic acid. As a rule, the reactions leading from the 
monohydric alcohols and glycols to their corresponding derivatives 
are very similar. It is only in the case of the two hydroxyl groups 
of the glycols that they are able to pass successively to completion, 
and in so doing they give rise first to substances which still show 
the character of a monohydric alcohol. Take ethylene glycol, for 
example: it is capable of forming a mono- and dialkali glycollate, 
corresponding with the alcoholates of the monohydric alcohols, mono- 
and dialkyl ethers, mono- and dihalogen esters, nitric acid esters and 
esters of organic acids, e.g.: 

CH,.OH CHj.ONa CH^.ONa CHa.O.C,H, 

CH,.OH Cn,OH CHj.ONa CH, OH CH,.O.C.H, 

Glycol. Monovodium Diisodnim Glycol Mono-ethyl (^rol Diethyl 

GlycoUdte. Glycollate. Ether. Ether. 


cH,.a 

(!h,.OH 

Glycol 

Chlorhydrm. 


CHjCl 

(IhjCI 

Ethylene 
C hionde. 


CH,.o.cocHj 

(!;h..oh 

Glycol Monacetate. 


CH,.O.COCH, 

(!;Hj.o.coch, 

Glycol Diacetate. 


All the mono compounds also exhibit the character of monohydric 
alcohols; they and the di- compounds, which have been mentioned, 
can be obtained from the glycols by the same methods as the corre¬ 
sponding transposition products of the monohydric alcohols. 

The sulphur- and nitrogen-containing derivatives of the glycols 
correspond with like derivatives of the monohydric alcohols : 



CHaSH CHj.Xn, CH,.NH, 

(!h,.OH /h,.NH, 

DIthio-glycol. Hydroxyelhylarame. Ethylene Diamine. 


The aldehydes have been repeatedly spoken of as the anhydrides of 
dihydric alcohols, in which the two hydroxyl groups are joined to the 
same carbon atom, and which can only exist under special conditions. 
Yet, the ethers or acetals, esters and other derivatives of these hypo¬ 
thetical compounds are stable. These bodies are naturally isomeric 
with the corresponding derivatives of the dihydric alcohols, in which 
the hydroxyls are attached to different carbon atoms. The following, 
for example, are isomeric:— 


Arctal and 

F.UivHdenc Diacetate and 
Aldehyde Ammonia and 


CH,.O.C,Hj 

CH,.O.C,H, 


Glycol Diethyl Ether 


CHj.O.COCHj 

CHj.O.COCH, 


Glycol Diacetate 


CHjOIl 

CH.NH, 
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The cyclic derivatives of the glycols are extremely characteristic. 
Thus, glycol yields two cyclic ethers ; 


CH,v CHj.O.CH, 

I yO Ethylene Oxide. | I Diethylene Oxide, 

CHj.O.CHj 


and also sulphur- and nitrogen-compounds coiTespoiiding with diethy¬ 
lene oxide: 



Ethylene Imide* 


CH,.NH.CH, CH,.S.CH. CHa.NH.CH* 

II II 11 

CHj.NH.CHa CHj.S.CH,, CH,. O . CH, 

Diethylene Imide. Diethylene Disulphide. Dicthylene Imide Oxide. 


Methods of Formation. —^The first three methods are concerned with 
the olefines, and lead, according to the constitution of the latter, to 
glycols of every description. 

The halogen addition products of the olefines—the alkylene halides 
—may be regarded as the halogen acid esters of the glycols. When these 
are acted on by alkalis, with the purpose of exchanging hydroxyl 
for their halogen, by loss of halogen acid, they pass first into 
monohalogen olefines and then into acetylenes. It was Wurtz who 
observed that it was only necessary to treat the alkylene halides with 
acetates in order to reach the acetic esters of the glycols, and then, 
by saponification with alkalis, to obtain the glycols. 

(i) By heating the alkylene halides (p. 94) with silver acetate and 
glacial acetic acid, or with potassium acetate in alcoholic solution ; 


CH J CH,COOAg _ CH.OCOCH, , J 
CHjI’^CHaCOOAg “ 

Ethylene Diacctate. 


Inasmuch as the alkylenes are prepared from monohydric alcohols 
by withdrawal of water, and are transformed by the addition of 
halogens into alkylene halides, the preceding reaction may be regarded 
as a method of converting monohydric alcohols into dihydric alcohols 
or glycols. The resulting acetic esters are purified by distillation, and 
then saponified by KOH or barium hydroxide solution (C. 1899, 1 .968); 

CH,OCOCHs KOH CH.OH 

I 4- = I -faCH.COOK. 

CHjOCOCHj KOH CHtOH 


A direct conversion of alkylene halides into glycols may be attained by heating 
them with water (A. 186,293). with water and lead oxide, or sodium and potassium 
carbonates. 

(2) Another procedure consists in shaking the alkylenes, C„Hs„, with aqueous 
hypochlorous acid, and afterwards decomposing the chlorhydrins formed with 
moist silver oxide: 


CH, OH CH,OH AgOH CH,OH 

cIh.CI ^CHgOH • 

(3) By the oxidation of the olefines (a) in alkaline soh^tion (p. 84) (Wagner, B. 
21, 1230) with potassium permanganate, or (6) with hydrogen peroxide. Thus, 
ethylene yields ethylene glycol; isobutylene, isobutylene glycol, (ClIt)a>C(OHJ.* 
CH,.OH: 

CH, CH,.OH 

+0+H,0 * I 
, CH,.OH 


A * 

Ib, 
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(it) By the action of nitrous acid on diamines (p. 163). As they 
can be obtained from the corresponding nitriles of ^basic acids, and 
the nitriles themselves from alkylene halides, these reactions not 
only ally the classes of derivatives mentioned, but they afford a means 
of builchng up the glycols ; 

CH.Br * ( H,CN CH,CH,NH, CH.CHjOH 

CH, -->CH, 

CH,Br CH,CN CH.CH.NH, CH,CH,OH 

Trimethylene rnmethylene Pentamethylene Pentamethylene 

Bromide. Cyamde. Diamme. Glycol. 

Besides the normal glycols, isomeric glycols are sometimes obtained, 
as well as olefine alcohols and diolefines (B. 40 , 2589). 

(5a) By reduction of aldehydes or keto-alcohols, dialdehydes or 
diketones. 

By this means the a-keto-alcohols butyroin and caproin (p. 342) 
yield the stereoisomeric forms of 4,5-octane-diol and 6,7-decanedo- 
iol; aldol (p. 338) gives ay-butylene {,lycol; y-acetobutyl alcohol 
(p. 342) gives 1,3-hexane-diol, and acetonyl acetone (p. 351) yields 
2,5-hexane-diol. 

Akin to these reactions is the formation of glycol by the conden¬ 
sation of isobutyl alcohol, alone or when mixed with other aldehydes, 
by means of alcoholic potassium hydroxide. An aldol (p. 338) is first 
formed, of which the aldehydic group is acted on by excess of butyl 
aldehyde producing a monobutyrin of the 1,3-glycol (comp. p. 194), 
which in turn is decomposed by hydrolysis into the glycol and iso- 
butyric acid (M. 17 , 68 ; 19 , 16) : 

3(CH,),CH.CH0- > (CHs),CH.CH(OH) (CH 5 ),CU.CHOH 

I 1 -^ 1 

(CH,)jC CH,0 CO (CH,),C.CH,OH 

CH{CH3). 

4" I 

COOH. 


(56) By the reduction of dicarboxylic esters or amides by sodium 
and alcohol (C. 1905, IL 1701). 


(CH3),C.C0,R 

in, co.R 

unsym.*Di methyl 
Sucnmc Ester 

CHj.CH,.CH,.CONHj 
dn^-CH.-CH, CONH, 

Subenc Amide.' 


(CH3),C.CH,0II 

<!;h,ch,oh 

••Dimethyl Tetrametbyleoe 
Glycol 

CH,.CH, CH,CH,OH 
■ I 

CH, CH, CIIXH,OH. 

Octomethylene Glycol. 


Lactones, the cyclic esters of y-, S-, or e-hydroxy-carboxylic esters, 
are also reduced to glycols by sodium and alcohol (B. 39 , 2851); 
similarly, ^-ethoxyl propionic ester yields the ethyl ether of trimethyl¬ 
ene glycol (C. 1905, 1 . 25). 


Nucleus Synthetic Methods 

(6a) Aldehyde alcohols, diketones, keto-carboxylic esters, dica^*- 
boxylic esters, all react with alkyl magnesium halides (p. 185) forming 
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glycols, accompanied by the entry of an alkyl group (B. 86, 3138; 
C. 1904, 1 . 578; 1906, II. 1639 ; 1907, 1 . 627): 

CH,CH(OH) cHjMgl CH,.CH(OH) 

I -^ I 

CH.CHO CH,CH(OH)CH, 

Aldol Dimethyl Trimethylene Glycol. 

CH.COOC.Hg 4CH3Mgl CH,C(CH,),OH 

i -^ I 

CH,COOC,Hb CH,C(CH,),0H 

Sueduc Ester. Tetramethyl Tetrametbylene Glycd. 


By the same reagent alkoxy-ketones and alkoxy-carboxylic esters 
are converted into monoalkyl ethers of the glycols (C. 1904, I. 504). 
Similarly, lactones yield primary-tertiary glycols (C. 1907, 1 . 708). 

(66) The action of metals, such as sodium or magnesium, on many 
halogen-hydrin compounds of the ethers, either alone or mixed with 
halogen methyl alkyl ethers (p. 206), is to build up the ethers of the 
higher glycols from lower members (C. 1903, I. 455 ; 1904, I. 1401): 

Na * 

2C,H,0.CH3CH3CH,I-^ C,H50[CHJ,0C,H,- > HO[CHJ,OH 

y-Pbenoxypropyl Iodide. Hezamcthylene Glycol. 

Mg 

C5H„0[CHj3Br+BrCH,0C,H„->-C,HnO[CHj 40 C,H„->-HOtCHJ*OH 

Amylozypropyl Tetramethj^ne 

Bromide. Glycol. 


The monoalkyl ethers of the glycols can be obtained by the similar 
reaction of chloromethyl alkyl ether on ketones in the presence of 
magnesium or other metals (C. 1907, I, 681). 

(7) Ditertiary glycols result, together with secondary alcohols, in 
the reduction of ketones (p. 230). In this manner pinacone or tetra- 
methyl ethylene glycol (p, 313) wns made from acetone (Friedel): 


2(CH,),C04*2H 


(CHj), COH 
{CH,),.COH 


(8) A few glycols have been obtained in the form of their dialkyl 
ethers by the electrolysis of alkoxy-carboxylic acids. This is similar 
to the production of ethane from potassium acetate (p. 73, and C. 
1905, I. 1698). 

Properties, —^The glycols are neutral, thick liquids, holding, as far 
as their properties arc concerned, a place intermediate between the 
monohydric alcohols and trihychric glycerol. The solubility of a 
compound in water increases according to the accumulation of OH 
groups in it, and becomes correspondingly less soluble in alcohol, 
and especially in ether. There will be also an appreciable rise in the 
boiling point, whilst the body acquires at the same time a sweet 
taste, inasmuch as there occurs a gradual transition from the hydro¬ 
carbons to the sugars. In accord with this, the glycols have a sweetish 
taste, are vety easily soluble in water, slightly soluble in ether, and 
boil much higher (about 100°) than the corresponding monohydric 
alcohols. As the number and dimensions of the alkyl groups grow, the 
higher homologues become increasingly soluble in ether, and the taste 
becomes sharper and, in some cases, burning. 

Behaviour, —(i) Towards dehydrating agents : (a) The 1,2-glycols, 
when heated w^h zinc chloride, P205« dilute acids or even water at 
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high 'temperatures, are converted into aldehydes or ketones, 

CH3CH(0H)CH20H -^ CH 3 .CH 2 .CHO and CHgCOCHg (see also the 

transformations of the glycols and changes of the pinacones pp. 216, 
313). (i) Tlie 1,4- and 1.5-gJycols yield cyclic oxides (p. 316). 

(c) The 1,3-glycols form cyclic oxides and also aldehydes and ketones 
(M. 28 , 60). 

(2) Many glycols, especially the primary, when oxidized, pass into 
the corresponding oxidation products (see Ethylene Glycol) ; others 
break down with fracture of the carbon chains. 

(3) On the reactioqs with halogen acids, nitric acid, concentrated 
sulphuric acid, acid chlorides, and acid anhydrides, see esters of the 
glycols (p. 319). 

I. Ethylene Glycol, Glycol, [1,2-Ethane diol], CHgOH.CHgOH, m.p. 
—11-5®, b.p. I97'5°, Do = i'I 25, is miscible with water and alcohol. 
Ether dissolves but sm^ quantities of it. 

It may be obtained from ethylene through ethylene bromide, ethyl¬ 
ene chlorhydrin (gene^ral method of formation, p. 309) or by direct 
oxidation ; and also from ethylene oxide by the absorption of water ; 


CHj 

CH, 


>0+HjO = 


CHa.OH 

CHa.OH 


Preparation .—A mixture of ethylene bromide, potassium carbonate and water 
is boiled under a reflex condenser, until all the bromide is dissolved (A. 192 , 240, 
250). Or the ethylene bromide may be converted by heating with anhydrous 
potassium acetate into glycol diacetate, which yields glycol when hydrolyzed 
with alkali hydroxide (B. 29 , R. 287; C. 8991, I. 968). 


Behaviour. —(i) On heating ethylene glycol with zinc chloride to 
250® water is eliminated and acetaldehyde and crotonaldehyde are 
formed ; at 210° with water, only acetaldehyde results. 

When ethylene glycol is distilled with 4 per cent, concentrated 
sulphuric acid, not only acetaldehyde and ethylidene ethylene ether 
(P- 317) formed, but also Diethylene Oxide. Further treatment 
with sulphuric acid or zinc chloride results similarly in the production 
of acetaldehyde: 

CH.OH CH,—O—CH, CH, O—CH, CH, HOCH, 

*1 —1 I —1/^ I —> I + I 

CH,OH CII,—O—CH, CH—O—CH, CHO HOCH, 

(2) Nitric acid oxidizes gljxol to glycollic acid and glyoxal, glyoxylic 
acid and oxalic acid. The first oxidation product, glycol aldehyde 
(y.v.), is further oxidized too rapidly to be identified : 


CH,,OH COOH 

I -^ I 

CH,.OH CHjOH 

Glycol. Glycollic Acid.' 


fcllO 

ino 

Glyoxal. 


COOH 

I 

CHO 

Glyoxylic Acid. 


COOH 

ioOH 

Oxalic Add.’ 


(3) When glycol is heated with potassium hydroxide to 250®, 
it is oxidized to oxalic acid with evolution of hydrogen. 

(4) Heated to 160® with concentrated hydrocliloric acid, glycol 
chlorhydrin results, which at 200® is converted into ethylene chloride. 

(5) The latter is also produced when PCI5 acts on glycol. 
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(6) A mixture of nitric and sulphuric acids changes glycol into glycol 
dinitrate, 

(7) Concentrated sulphuric acid and glycol jdeld glycol sulphate. 

(8) The acid chlorides or acid anhydrides produce mono- and di¬ 
esters of glycol. 

Glycollates : 

Metallic sodium dissolves in glycol, forming sodium glycollate. *^>^ 4 <oNa' 

disodium glycollate, C2ll4(ONa),. Both are white, crystalline substances, 
regenerating glycol with water. The alkylogens convert them into the corre¬ 
sponding ethers. • 

Polyethylene Glycols : 

Ethylene oxide absorbs water and becomes glycol. The latter and ethylene 
oxide unite at 100° in varying proportions, thus yielding the polyethylene glycols; 

Cllj. CH2OH /CHaCH.OH 

( >0 +1 Diethylene Glycol, b.p. 230®# 

CIW CH3OH (HjCH.OH 

CH,. CHjOH ClI*--O—CHjCHaOll 

2 1 ^O-h I ~ I Tfiithylene Glycol, b.p. 287*. 

CII,/ CHjOH CH,—O—CHjCll^OH 

etc. 

The polyglycols are thick liquids, with high boiling points. They behave like 
the glycols, hther-actds may be obtained from them by oxidation with dilute 
nitnc acid ; thus dtglycolhc acid {q.v.) is formed from ditthylenc alcohol. 

There are two series of homologues of ethylene glycol; the one 
resulting fiom alkyl substitution, and the other, including the 1,3-, 
1,4-,1,5-glycols, etc., produced by the insertion of an alkyl group 
between the carbinol groups. 

II. Homologous 1,2-glyGols. 

a-Propylene Glycol, Methyl Ethylene Glycol [Propane diol-1,2], 
CH3.CH(0H).CH2.0H, b.p. i88“, Do=i'oi5, is obtained from pro¬ 
pylene bioniide or chloride. It is most readily prepared by distilling 
glycciol with sodium hj'droxide (B. 13 ,1805). Platinum black oxidizes 
it to ordinary lactic acid. Only acetic acid is formed when chromic 
acid is the oxidizing agent. Concentrated hydriodic acid changes it 
to isopropyl alcohol and its iodide. Heated with water at about 190® 
it yields propylaldehyde and acetone. It contains an asymmetric 
carbon atom, and when exposed to the action of the ferment Bacterium 
termo, becomes optically active (B. 14 , 843). 


a-Biityletie Glyi ol, Kthyl Ethylene Glycol, CjHbCII(OII).-' 
CHflOH, b.p. 192^". 

py-Butylene Glycol, sym -Dimethyl Ethylene Glycol, 
ClI,CH(OH).CH{OH).Cll3, b.p. 

Isobutylene Glycol, unsynx.-Dtmethyl Ethylene Glyiol, 
(CU 3 ),C(OH).CIl 2 (OH), b.p. 177'’- 

a-Isoamylene Glycol, Isopropyl Ethylene Glycol, 
(CHs)/ H.CHCOHl.CHjOH, b.p. 206“. 

B-Isoamylene Glycol, Truncthyl Ethylene GlycoL 
(Clf,)2C'{OH).CH(OH)CHs. b.p. 177*’- 

B-Amylene Olycol, sym..-Eihyl Methyl Ethylene Glycol, 
C,H5CH(OH)CH(OH).CHa, b.p. 187°. 


Are obtained from the 
corresponding butyl¬ 
ene bromides. 


Are obtained from the 
corresponding amyl, 
cne dibromides. 


Plnacone, Tetramethyl Ethylene Glycol, (CH3)3.C(0H).C(0H).(CH3)s-|-6H30, 
m.p. 42®, aniiydrous, m.p. 38®, b.p. 171-172®, is formed, together with isopropyl 
alcohol, when so^um or magnesium and mercuric chloride (C. 190O, 11 . X4q) 
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act on 'acetone; or by electrolysis (B. 21 , 454; C. 1900, II* 794) (see method 
of formation. No. 8, p. 311). Further, by the action of IMgCHg on diacetyl 
or oxalic ester (mode of formation. No. 6a]. It crystallizes from its aqueous 
solution in quadratic plates (hence the name, from irlya(, plate), and gradually 
effloresces on exposure. ' 

In common with other ketones (p. 216), dilute sulphuric or hydrochloric acids 
cause it to lose water and undergo intramolecular change, forming pinacoline 
or tert.-butyl methyl ketone (p. 224). An isomer of this substance exists— 
tetramethyl ethylene oxide (p. 318), which very readily absorbs water forming 
pinacone. 

Similarly to pinacone, a whole series of ietrch-alkylated ethylene glycols can be 
prepared by reduction of aliphatic ketones, known collectively as Pinacones^ 
which behave towards dilute: sulphuric and hydrochloric acids as pinacone itself 
does. Comp. Methyl Isopropyl Pinacone, C. 1903, II. 23. 

sym.-Dipropyl Ethylene Glycol [Octane diol-4,5], CaH,CH(OH).CH(OH)C3H|, 
occurs in two modiheations; a-form, liquid, b.p.jQ 115-120®, fi-form. m.p. 125^ 
and is prepared by reduction of butyrom (p. 342) by sodium and alcohol. . 

sym.-Dipentyl-ethylene Glycol [Dodecane diol-6,7], a-form, m.p. 54^ b.p.io 
X55-160® ; ) 9 -torm, m.p. 136®, is produced when capronoin is reduced by sodium 
and alcohol (C. 1906, 11 . iii4)« ^ 

III. i,3-Glyool8. * 

Trlmethylene Glycol [Propane diol-r,3], CHjOH.CHjCHjOH, b.p. 216®, D.o=* 
1*065, is obtained from trimcthylene bromide (B. 16 , 393); or by the fermenta¬ 
tion of glycerol by Schizomycetes, together with n-butyl ^cohol (B. 20 , R. 706). 
It is isomeric with a-propylene glycol. Moderate oxidizing agents produce 
p’Hydroxypropionic Acid oxHydractylic Acid; sulphuric acid changes it intopro- 
pionaldehydc and acetone (C. 1904, 1 . 1401). 

p^Butylene Glycol, p-Methyl Trimethylene G/ycoi [Butanediol-i,3] CH8CH(OH)- 
CHjOH, b.p. 207°, is obtained by the reduction of aldol (p. 338); 50 per cent, 
sulphuric acid converts it into butyl aldehyde and methyl ethyl ketone (comp, 
p. 312, and C. 1904, I. 1400). 

y^Isoamylene Glycol, aa-Dimethyl Trimethylene Glycol, (CH8)8C(OH).CH>CH8- 
OH, b.p. 203®, is obtained from the bromide (B. 29 , R. 92). 

^ym.-Dimethyl Trimethylene Glycol [Pentane diol-2,4], CHjCH(OH)CH,CH- 
(OHlCHg, b.p. 199®, is prepared by reduction of hydracctyl acetone (p. 342); and 
by the action of magnesium methyl iodide on aldol (C. 1904, 1 . 1327 ; B. 37 , 4730). 

aayTrimethyl Trimethylene Glycol, i,^*lsohexylene Glycol, (CHa)|C(OII)CHj- 
CHjCH(OH)CHa. b.p. 194®, is obtained by reduction of diacctone alcohol (p. 342). 

sym.-Tetramethyl Trimethylene Glycol, (CHj)aC(OH).CHj.C(OH)(CH8)8, b.p.^g 
98®, results from the action of CH^Mgl on diacetone alcohol (C. 1902, I. 455; 
B. 87 , 4731 ). 

A series of higher homologues of the i,3-glycols is obtained from the con¬ 
densation of isobutyl aldehyde with other aldehydes, such as the isobutyl aldols, 
by means of alcoholic potassium hydroxide (method of formation No. 5a, p. 3x0). 

/3j3-Dimethyl Trlmethylene Glycol, Penta 0 col, (CHa),C(CHaOH)ft, m.p. 129®, 
b.p. 206®. Heated with H^SOa it forms isovaleric aldehyde, isopropylmethyl 
ketone and a cyclic oxide (C. 1900, II. 36). app-Trimethyl Trimethylene Glycol, 
CHj(OH)C(CHs),CH(OH)CH3, b.p. 207®, and aPP~Ethyl Dimethyl Trimethylene 
Glycol, m.p. 8x®, are obtained from isobutyl aldehyde, and acetaldehyde 
andpropionaldehyde, respectively. apP-Isopropyl Dimethyl Trimethylene Glycol, 
CH,(OH)C(CH8)j|CH(OH)C,H„ m.p. 51®, b.p. 223®, is prepared from isobutyl 
aldehyde alone. This substance on oxidation yields first a hydroxy-acid and 
then diisopropyl ketone. 

sym.~Tetramethyl p-Etkyl Trimethylene Glycol, (CH8 )jC(OH)CH(CiHb)C(OH)- 
(CHa)!, b.p.xi 128®, is obtained from ethyl acetoacetic ester and CH^Mg! (mode 
of formation 6a, p. 310) ip. 1902, I. 1197). 

IV. 1,4-Glycolo. 

Tetramethylene Glycol, [Butane diol-1,4], HO.CH8.CH8.CH|CHsOH, b.p. 
302-<&03®, Ds:»i'oxi, is prepared from tetramewylene dinitramine and sulphunc 
acid (B. 23 , R. 506); also, by reduction of succinic dialdehyde (p, 347), by 
aluminium amalgam. It possesses an unpleasant odour of Itpks (B. 85 , 1187}. 
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Hie Diamyl Ether results from the electrol3rsis of the potassium salt of jS-amyloxy- 
propionic acid (C. 1901, I. 6x3 : 1905. I. 1698). 

a^'Methyl Teirameihylene Glycd, (Pentane diol*ip4), CHs.CH(OH)CHjCH|CH«- 
OH, b.p.jg 123-126®, with partial decomposition into y-pentylenc osdde and water. 
It is obtained from acetopropyl alcohol (C, 1903, II. 531) and from y-valerolactone 
by reduction (B. 39 , 2851). 

a-^Dimethyl Tetramethylene Glycol^ x,^-I$ohexylene Glycol, (CH,),C(OH)CHg- 
CHjCHgOH. b.p. 222®, results from the action of CH,MgI on butyrolactone (C. 
1907, I. 708). 

p-Dimethyl Tetramethylene Glycol, CHa(OH)C(CH,)»CH,CH,OH, b.p.i, 123®, 
is produced from unsym.-dimethyl succinic ester by reduction with sodium and 
alcohol (1905, II. 178). 

ah^Dimethyl Tetramethylene Glycol, z,yHexylene* Glycol, [Hexane diol-2,5] 
CHaCH(OH)CH*CH*CH(OH)CH8, b.p, 217®, is easily obtained by the reduction 
of acetonyl acetone by sodium amalgam (B. 35 ,1335). 

.V. 1,5-GlycoLi. 

Pentametliylene Glyeol, [Pentane diol-1,5], HOCHi.CHs.CH^CHsCHsOH, 
b.p. 239®, Di8eso*994, is obtained frompentamethylenediamine(modeof formation 
4, p. 310) (B. 40 , 2559). Dia/nyl Ether is prepared from 8-amyloxybutyl bromide, 
magnesium and bromomethyl amyl ether (mode of formation 6 b., p. 31Z) (C. 1904, 
II. 5 « 7 ). 

a^Meihyl Pentamethylene Glycol, [Hexane diol-1,5], CH8CH(OH)[CH J^CH^OH, 
b.p.fi8 235®, is produced from acetobutyl alcohol (p. 342). 

VI. 1,6-, 1,7-, i,8-Glycol8, etc. 

The melting points of these polymethylene glycols appear to follow the same 
rule as those of the normal paraffin mono- and di-carboxylic acids and other 
homologous senes (p. 48), namely, that those of members possessing an odd 
number of atoms lie lower than those of the neighbouring even-numbered members 
(C. 1904, II. 1698). 

Hexamethylene Glycol, [Hexane dioI-1,6], HO[CHJ,OH, m.p. 42®, b.p. 
250®, is prepared from hexamcthylene dibromide or diacetate ; and from adipic 
ester by reduction. DiaJkyl Ether is obtained from y-alkoxypropyl halides by 
the action of sodium (methods of formation 6 h and 8 (p. 311); and from 
y-amyloxybutyric acid by electiolvsis (B. 27 , R. 735 ; C. 1905. I. 1698 ; II. 1701). 

Heptamethylene Glycol, Diethvl Ether, C,H50.[CHa],0CjH5, b.p. 225®. results 
from the interaction of 6-cthoxyhcxvl iodide, magnesium and iodomethyl ethyl 
ether (mode of formation 6b, p. 311) (C. 1906, I. 44 l). 

Octomethylene Glycol, [Octane diol-1,8], HO[CH2.i80H, m.p. 60®, b p,® 162®. 

Ennramethylene Glycol, [Nonane diol-1,9], HO[CHg] 80 H, m.p. 45®, b.p.|| 177®. 

Decamethylene Glycol, [Dccane diol-i.io], HO[CHJiqOH, m.p. 70®, b.p.jj 179®. 
These glycols are obtained from dicarboxylic esters or amides by reduction 
(mode of formation 56, p. 310) (C. 1904, I. 1399 ; 1905, II. 1701). 


B. UNSATURATED GLYCOLS, OLEFINE GLYCOLS, ACETYLENE GLYCOLS 

V Unsaturated dihydric alcohols have been but slightly investigated. The 
simplest representatives possible theoretically arc not known, and probably are 
not capable of existing. 

See p. 318, upon the view of furfurane as an oxide of an unknown, unsaturated 
glycol. Also consult acetonyl acetone (p. 351). 

x&o-Dipropionyl, iso dibutyryl, iso-diisdbutyryl, and iso-diisooaleryl are 
olefine glycol derivatives* They resulted from the action of metallic sodium on 
an ethereal solution of propionyl chloride, butyryl chloride, and isobutyryl 
chloride, and iso-valeryl chloride. They are esters cd alkyl acetylene glycols 
(Khnger and SchmiU, B. 24 , 1271; B. 28 , R. 1000; J, pr. Ch., [2], 68, 364). 

C,H*.C.OCOC,H, 

Diethyl Acetylene Glycol Dipropionate, Diproptonyl, jj q OCOC H ’ 

* * C H C OCO C H 

xo8®* Di~n-propyl Acetylene Glycol Dihutyrate, Dibntyiyl, 
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b.p.js , 1x9-130*. Diisohuiyl Acetylene Glycol Diisovaleraie, Diisovaleryl, 

(CH,)..CH.CH..C-O.COC.H.* Butyrom and isovalerom. the 

corresponding a-ketonc alcohols (q*v.), are produced, and not the alkyl acetylene 
glycols, when these three compounds are saponified. The diocetate, CHgC- 
(OCOCHj): C(OCOCns)sCH„ is produced from the di-sodium salt of acetoVu 
(p. 341) and acetyl chloride. 

Hexa-di-ine diol^ CHj(OH)C;C—C-C.CHj.OH, m.p. m®, is a diaoetylene 
glycol* It is formed by the oxidation of the precipitate from propargyl alcohol 
and ammoniacal cupric chloride with potassium ferricyanide (C. 1897. 281; 

II. 183). 


GLYCOL DERIVATIVES 


I. ALCOHOL ETHERS OF THE GLYCOLS 


A. The alcohol ethers of the glycols are prepared (i) from the metallic glycolates 
and alkyl iodide : • 

CHjONa VT T j CH,OC,H, Monoethyl Ether, b.p. 127" (B. 85 , 

-f-Lgrljl —JNai “hi o2Qol 

CH3OH CH,OH 32991. 

CHjONa C.HJ CH.OC.H, 

I + —2NaI-f I Glycol Diethyl Ethef, b.p. 123*. 

CHjONa CjHJ CH.OCjHs 

(2) The monoalkyl ethers of ethylene glycol result from the combination of 
ethylrne oxide and alcohol, 

(3) Didlkyl ethers can be obtained synthetically by means of the methods of 
formation b6 and 8 (p. 311): 

(а) From halogen-substituted ethers RO[CHj]„ X and Na or Mg; 

(б) From ketones with chloromethyl alkyl ethers and magnesium ; 

(c) From alkoxy ketones and alkoxycarboxylic esters with magnesium 
aliryl halides. 

id) From alkoxy fatty acid salts by electrolysis. Hydriodic acid de¬ 
composes the neutral ethers into iodoalkyls and glycols (li, 26 , 
R. 719). which arc converted into alkylcne iodidf^s by excess of HI. 
Hydrobromic acid in the cold converts glycol dialkyl ether into the biomo- 
hydrins of the mono-alkyl ether, RO[CH2]„Br (C. 1904, 1 . 1400). 

The mono-alkyl ethers of tertiary- primary 1,2-glycols*arc changed into alde¬ 
hydes by the action of sgihydrous formic or oxalic acid (comp. p. 192). 

The polyethylene alcohols are most closely related to the alcohol ethers. 
They have been already considered after ethylene glycol (p. 312). Diethylcne 
glycol bears the same relation to glycol as ethyl ether to ethyl alcohol: 


OH- Dfethylen* Glycol 

(First Ether of Glycol). 


o<cn:;ai:- 


B. Cyclic Ethers of the Glycols, Alkylen Oxides. 

Dieihylene Oxide, m.p. 9®, b.p. X02®, is the second ether of 

glycol (sceabove. Diethylene Glycol). Itisobtainedfromthered, crystalline bromine 
addition product of ethylene oxide, (C,H40)|Br„ m.p. 65®, b.p. 95®, when it is 
treated with mercuric oxide. It is sdso prepared by heating glycol with con¬ 
centrated sulphuric acid (p. 312). It unites with bromine, forming the above- 
mentioned dibromide ; with iodine, to a diiodide, m.p. 85® ; and with sulphuric 
acid it forms a sulphate, fti.p. loi®. Thus, it forms double compounds or oxonium 
salts similar to those of the simple ethers (p. 126) (C. 1907, I. 1103). It is de¬ 
composed into acetaldehyde and glycol when heated with sulphuric acid (p. 312). 

Ethylene Methylene Ether, Glycol Methylene Acetal, - * >CH|, b.p. 78®, is 

Lrig.O 

Obtained from trioxymethylene, ethylene glycol and fexxic chloride (B. 28 , R. 109), 
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or syrupy phosphoric acid (C. 1899, I. 919)* Also from' glycol, formaldehyde 
and hydrochloric acid (C. 1900, II. X26x). Ethylene Eihylidene Ether, 

CH* results from the union of ethylene oxide and acet¬ 

aldehyde (comp. p. 312). Diethylene oxide is a cyclic double ether. For the 
preparation of this class of substwce the 1,3-glycols seem also to be suitable (M. 28 , 
67). Simple cyclic ethers or glycol oxides are also known ; and a third ether. 

Ethylene Oxide, is also derived from glycol. 

The simple cyclic ethers of the glycols, the alkylene oxides, are readily pro¬ 
duced in various ways, depending upon whether the two OH-groups are attached 
to adjacent carbon atoms or not. Alkylene oxides, in which the O-atoms are 
in union with adjacent carbon atoms, are termed the a-alkylene oxides, whilst 
the others are the y-, 8-alkylene oxides, (i) Ethylene oxide itself and the 
ethylene oxides, as well as the jS-alkylene oxides (trimcthylene oxide), are pre¬ 
pared by the action of potassium hydroxide on the chlor- or brom-hydrins, the 
monohaloid esters of the respective glycols : 


CHj.OH 

CU.Cl, 


+KOH= ■ „*> 04 -Kri 4 -H.O. 


(2) The y- and 8-alkylcncoxidcs {y-pentylene oxide, pentamelhylene oxide), are 
formed when the glycols are heated with sulphuric acid (B. 18 , 3283 ; 19 , 2843 ; 
M. 28 , 67): 

XH,.CH,OH HjSO* /CIIa.CHsv 

CIIjC -> 0 -hH, 0 . 

^CH ,.CH gOH ^CH j.CH / 


The a-glycols, under like treatment, lose water and yield either un- 
saturated alcohols, aldehydes, or pinacoUnes, depending upon their constitution 
(pp. 192. :^i6. 312). 

The ethylene oxide ring is easily ruptured, hence ethylene oxide enters into 
addition reactions quite as freely as its isomer acetaldehyde. The rings of 
tetra- and pcntamethylene oxides, however, are far more stable. These can 
only be broken up by the halogen acids. 


Ethylene Oxide, *>o, b.p. 12*5°, D.o=o'898 .isomeric with acet- 

( 11 ] 

aldehyde, CH3.CHO, is a pleasantly smelling, ethereal, mobile liquid, 
with a neutral reaction, yet able gradually to precipitate metallic 
hydroxides from xnany metallic salts. 


cii, • Clf.-OH 




OH 

OH 


Ethylene oxide is characterized by it.s additive power, (i) It combines with 
water and slowly yields glycol. (2) Nascent hydrogen converts it into ethyl 
alcohol. ($) Ihc halogen acids unite with it to form halogcnhydrins, the mono¬ 
haloid esters of the glycols ; hydrofluoric acid is, however, an exception (C. 1903, 
I. II). (4, a) With alcohol it yields glycol monoethyl ether; (6) with glycol 
it forms diethylcne glycol; (c) and with the latter it combines to tricthylene 
glycol. (5) It forms ethylene alkylidcne ethers (p. 316) with aldehydes. (6) 
Acetic acid and ethylene oxide form glycol monacctate, and (7) with acetic anhy¬ 
dride the product is glycol diacctatc. (8) Sodium bisulphite changes it to sodium 
isethionate. (9) Ammonia changes ethylene oxide tq hydroxyethylamine. (lo) 
With hydrocyanic acid it forms the nitrile of ethylene lactic add or kydracrylic acid, 
from which hydrochloric acid produces the ethylene lactic acid itself. (11)_ Ethylene 
oxide unites with sodium malonic ester (see Hydroxethyl Malonic Ester). 
Potassium hydroxide polymerizes ethylene oxide at 50-O0® (B. 28 , R. 293). 

For comparison, the following additive reactions of ethylene oxide and aide* 
hyde are arranged side by side: 
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KHSa, CH,.OH 

^ iH,.SO,K 


KHSO, 

-CH..CH<f H ^ 


£>1 


NH* CHj.OH 

-I (;h,.CH:0 

CHj.NH, * 

hnc CH,. 0 H 
I 

CHj.CN 


NH 




HNC 


OH 




Tetim^thylene OM99 Teirahydrofurfurane, | 


Ethylene oxide and magnesium alkyl halides form addition compounds, which 
are converted by heat into primary alcoholates, RCHjCH,OMgX (pp. 107, 185). 

Heated with a little potassium hydroxide at 50-60“, ethylene oxide polymerizes 
(B. 28 > R. 295). 

CHa.CH V (CHa),C^ 

a-Propylene Oxide, J > 0 , b.p. 35“. Isobutylene Oxide, | 

CH,/ cn/ 

b.p. 51-52“. sym,-Dimeihyl Ethylene Oxide, b.p. 56-57“. sym.-JVjftf^Ay/ Ethyl 
Ethylene Oxide, b.p. 80®. Isopropyl Ethylene Oxide, 82“. Trimethyl Ethylene 
Oxide, b.p. 75-76“. Tetramethyl Ethylene Oxide, b.p. 95-96“, is produced from 
tetramethyl ethylene bromide by PbO and water (C. 1902. I. 628). It unites 
with water to form pinacone with considerable evolution of heat (p. 313). 

Heated to 200-260“ with AliOg or other contact substances, ethylene oxide, 
propylene oxide and isobutylene oxide are transformed into the isomeric alde¬ 
hydes, acetaldehyde, propionaldehyde, isobutyl aldehyde, whilst trimethyl 
ethylene oxide gives methyl isopropyl ketone (B. 86, 20x6). 

OH 

Trlmethylene Oxide, CH|<qj^*> 0 , - b.p. 50®; preparation, see p. 317; 
homologues (M. 28 , 67 ; C. 1906, II. 1179). 

CH,() 5 )-Cn,(a) 

I ^O, b.p. 57 ' 

CH, 03 ,)-CH 2 (a,) / 

(B. 26 , R. 912). 2,$-Hexylene Oxide, aa^-Dimethyl Tetrahydro/urfurane, b.p. 93“ 
(B. 85 , 1336), aa-Dimethyl Tetramethylene Oxide, b.p. 98“ (C. 1907. I. 708), 
DiisocrotonylOxide, aa^-TetramethylTetrahydrofurfurane, b.p. 1x3“. Diisoamylene 
Oxide, aai-Dimethyl-aa~Diethyl Tetrahydro/urfurane, b.p. 160“ (C. 1899, 1 . 774,775). 
y-Pentylene Oxide, a-Methyl Tetrahydro/urfurane, b.p. 77® (p. 314) (B. 22 , 2571). 

Pentamelhylene Oxide, b.p. 82“ (B. 27 , R. 197). 

^Hexylene Oxide, a-Methyl Pentamelhylene Oxide, b.p. 104“, docs not unite 
with ammonia (B. 18 , 3283), The higher polymethylene ^ycols arc converted 
into their oxides with difficulty. Decamethylene Oxtde, b.p. x8i“, has, however, 
been prepared, by distilling the chlorohydrin of decamethylene glycol over sodium 
hydroxide (C. 1906, II. 596). « 

Addendum ,— ^Furfurane corresponds ^th tetramethylene oxide. It may be 
considered as the cyclic ether of an unknown, unsaturated glycol. It is probable 
that this glycol could not exist; it would be more likely to become rearranged into 
succinic diaidehyde, and this in turn to y-butyrolactone (q.v ,); 

CHj.CH.OH CH,.CH,v CH=CHOH CH =CH> 

I I >0 I I 

CHj.CH.OH CH-=CHOH CH=CH- 

Tetramethylene Tetramethylene Unknown. Furfurane. 

Glycol. Oxide. 






By the substitution of sulphur and again of the NH-group for oxygen in 
furfurane the products arc thiofurfuranc, which, from its remarkable resemblance 
to benzene, been called Thiophene, and Pyrrol. 

Jifotwithstanding that the manner of union in the ring.s of these heterocyclic 
compounds is not definitely known, it is possible to refer many bodies to them: 



Furfurane. Thiophene. Pyrrole. 
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All of them contain rings, and they will pe discussed later in conjunctioa with 
related cUsses of heterocyclic denvatives. 


2. ESTERS OF THE DIHYDRIC ALCOHOLS OR GLYCOLS 


A Esters of Inorganic Aelds. 

(a) Halogen Esters of the Glyeols. —The glycols and monobasic acids yield 
neutral and basic esters The dihalogen substitution products of the paraflins 
arc the neutral or secondary halogen esters of the glycols The halogen atoms in 
them arc attached to different carbon atoms They are isomenc with the alde¬ 
hyde halides (p 206) and the ketone hahdis (p 225], having an equally large 
carbon content: * 


CHjCl 

inci 


Propylene 

Cmonde 


CH,C 1 

and CH, are isomeric with 


CHCl, CHa 

I I 

CH, and CCl, 


CHjCl 

Tnraethylene 

Cblonde 

t 


I 

CH, 

Propylid( ne 
Cblonde 
(p 306) 


(I:h, 


Cbloracetol 
(P W) 


The basic or primary haloid esters of the glycols are the halohydrlns* These 
are obtained 

(x) When the glycols arc treated with hydrochlonc and hydrobromic acids : 


CH-OH CHjOH 

I + HC1= I H-H.O. 

CH.OII CH.Cl 

When heated with HI, a more far-reachmg reaction occurs. Ethyl iodide 
(p 136) IS obtained from ethylene glycol 

The result of the action of HBr on neutral glycol ethers in the cold is the pro¬ 
duction of the ether of the bromhydrm Like the ether of the chlorhydrin, it can 
also be obtainc d from the benzoyl derivative of the alkoxy-alkylamincs by PCI, 
or PBr,, with the loss of benzomtnle (comp p 320) (B 38 , 960) 

(z) They can be obtained too, by the direct addition of hypochlorous acid 
(see Inorg Ch< m ) to the olehncs whereby the OH group becomes attached to 
the carbon atom poorest in hydrogen (J pr Ch [2] 64 ^ 102, 387, comp. C. 
1902, I 13x6) 


CH, CH,Cl 

II H-HOCl- 1 
C(cH,)3 C(CH,). 0 H 


(3) the action of halogen acids on ethylene oxide and its homologues: 

Cllav CH, OH 

I > 0 -i-HCl=| 

CH,/ CH,a 


esters 


(4) Synthetically, it can be prepared from haloid ketones or haloid carboxylic 
srs and alkyl magnesium halides (B 89,225,3678, C 1906,1 1584,11 1179): 


CH,CO 
<!:H,a 


cHjMgi (ch,)2( oh 

UIjCl 


CH, ( H,I CjH.Mfcl 


CH,CH,I 


CO,R 


(C,H5),C0H 


Similarly, a-Chloro-fi-ethoxybutane, C1CH,CII(C,H50)C,H5 is pnpircd from 
afi diclilorethyl ether and zinc ethyl (B 28 , 3111) 

Glycol Chlorhydrin, Ethylene Chlorhydrin, CH,C 1 CHJDII, bp 128® Glycol 
Bromhydrin,h-p X50®, results also from glycol bromacelm (p 324) bv boiling with 
methyl alcohol Similarly Glycol Jodohydrtn, bp,, 78®, is obtained from lodo- 
acetm (C 190X, 1 X356) The lodohydnn IS converted completely into acetalde¬ 
hyde when heaUd with lead hydroxide (C 1900, II 3X) Tnmeihylene Glycol 
CMorhydrin^yChloro-vi-propyl Alcohol, bp 160®, is obtained 
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from trimethylene glycol by HCI. a-PropyUne Glycol a-Chlorhydrin, CH,CH(OH)> 
CHaCl, b.p. 127®, is prepared from alkyl chloride by dilute sulphuric acid; also 
by the addition of HCIO topropylene, a-PropyUne G/yco/jS-CA/orAydriw.CHjCHCl.- 
CH^OH, b.p. 134® (C. 1903. II. 486). Isobutylene Glycol a-Chlorhydfin, (OH)C- 
(CHt)aCHsQ, b.p. 129®, is obtained from chloracetone or monochloracetic acid by 
Mg(CH,)I; also from isobutylene and HCIO (C. 1902, I. 1093). Isobutylene 
oxide and HCI gives a mixture of this chlorhydrin and Isobutylene Glycol fi-Chlor- 
hydrin (CH*)aCCl.CHiOH, which easily passes into isobutyl aldehyde (13. 80, 
2789. 3678). 

The primary haloid esters can also be considered as substitution products of 
the monohydric alcohols. Glycol chlorhydrin would be chlorcthyl alcohol, 
(i) Nascent hydrogen converts them into primary alcohols. (2) Oxidizing agents 
convert them into halogeir fatty acids, e.g., glycol chlorhydrin yields monochlor- 
acetic acid ; trimethylene glycol chlorhydrin yields ^-chloropropiomc acid, (3) 
They change to alkylene oxides, and partially also into aldehydes, under the 
influence of alkalis. (4) Basic esters of the glycols are produced when they 
combine with salts of organic acids ; e.g.^ glycol chlorhydrin and potassium 
acetate yield glycol mono-acetate, CH 3 COO.CHj.CH,OH. (5) Potassium cyanide 
changes them to nitriles of the hydroxyacids. 

The Ethers of the glycol brom- and iodohydrin can be employed in the building 
up of the neutral dialkyl ethers of the higher glycols*(comp. p. 310). 

In close relation to 'the halohydrins stand certain substances produced by 
the action of mercury salts on ethylene (p. 82), such as Mercury Ethanol Iodide, 
HOCH,.CH,HgI, and Mercury Ether Iodide, 0 (CH,CH,HgI),, Iodine changes 
them to Glycol Iodohydrin (p. 319) and ^-Dtiodo-ether, 0 (CH,CH,I),. Alkaline 
stannic solutions react with mercury ether bromide producing Diethylene 

Oxide, 0 (CHj.CH,),Hg, m.p. 145®, a very stable compound, which requires 
fuming hydrochloric acid to decompose it, generating ethylene (B. 33 , 1641 ; 
34 ,1385, 2910). 

Neutral Haloid Esters of the glycols are very important parent 
bodies for the preparation of the glycols (comp, methods i and 4 
for the formation of glycols, p. 309). 

Methods of Formation. — (i) By the addition of halogens to Ihc 
olefines— e.g., ethylene gives rise to ethylene clik)ride, bromide and 
iodide: 

CH, CIIjCl CH, CH,Hr ClI, CH,I 

II +01,= I ; II j II -hlj-l 

CH, CllaCI ('ll, CH 2 H 1 (II 3 CI1,I 

(2) by substitution in paraffins and monohalogcn ij.ir.illins : 

CH, Cl, CH,C 1 Cl, C'lljCl 

I -^ I-I : 

CH, ('U 3 < If,' I 

{3) by the addition of halogen acids to inonohalogen olefines. 
In this instance much will depend on the temperature, concentration, 
and other conditions, as to whether both or only one of the two possible 
isomers is formed: 


CHRr, fhl. HBr 

I - 

CH, 


CHBr 

CH, 


Cone. HBr CH,Br , 

-> I 

CHjBr 


(4) by the action HCI, HBr or HI on glycols and glycol halo- 
hydnns. The second OH group will be replaced with more difficulty, 
and at a higher temperature, than the first. Similarly, the glycol ethers 
(p. 316) are converted into the dihalides by an excess of halogen acid. 

(5) Alkylene diamines or halogen alkyl monoamines yield alkylene 
dihalides, either by the action of nitrosyl chloride or bromide (C, 
1899,1. 25); or better by warming the benzoyl deriva^tive of the amide 



ESTERS OF THE ftIHYDRIC ALCOHOLS OR.GLYCOLS 321 


with phosphorus chloride or bromide, and distilling the resulting 
imide chlonde or bromide (». Braun, B. 88,2346; 89 ,4112): 


ICH 1 coc,h,_^ (CH.) <N CC 1 C,H, 


/pTT \ ^^•CClCaHa 

: CCgH, 


The benzoyl derivatives of the cyclic imines, such as benzoyl 
pipendine, benzoyl pyrrohdine (comp. p. 335), 3neld dichloro- and 
dibromo-parafi&n and benzonitnle by breakage of the nng, under the 
action of pels or PBr5. This constitutes a •convenient method of 
preparing 1,5-dichloro- and dibromopentane. 


(6) by the action of PCl^ on glycols • 

(7) by the action of K1 on alkylene bromides, producing iodides, and 
ngCl,, producing chlorides 


Properties .—^The simple dichlor- and dibrom-esters of the glycols, 
or olefme dichlondes and dibromides, volatihze without decom¬ 
position. Tiie di-iodides decompose readily in*the light, and when 
distilled break down into olefines and iodine. The ethylene dihahdes 
have a very pleasant odour. 

Reactions, —(i) The dihalogen paraffins are converted into olefines 
by sodium: 

CH,C 1 CHCU aNa CH, 

I and I -^ II ■ 

CH,C 1 CH, CH, 


The production of trxmethylene from tnmethylene bromide and sodium or sme 
IS noteworthy: 

XH,Br .CHj 

CH.c: +2Na-CHa< I -fzNaBr 

X:H,Br N:h, 


(2) Nascent hydrogen converts both di- and mono-halogen paraffins 
into paraffins. This is the leverse of substitution —retrogressive sub¬ 
stitution (p 93). 

(3) When digested with alcoholic potassium hydroxide, halogen 
hydride splits off, acid molecules arc lost, and monohalogen olefines 
and acetylenes or diolcfincj result (p. 86). 

(4) Suitable reagents change dihalogen paraffins into the corre- 
‘ ponding glycols (p. 309) or their esters. Heating with water produces 
first the mono-halogen hydnnes of the glycols, and finally ketones and 
aldehydes. The 1,4- and 1,5-dihdlides yield also cychc oxides (comp. 
M. 23 , 64 , C, 1902, I, 628 , IL 19 , 1903, I. 384). 

(5) Ammonia produces alkj^lene diamincs- 

(6) Potassium cyanide converts tlum into the nitnlts of monohalogen acids 
-^nd of the dicarboxylic acids Ihesf are classes of bodies whose connection 
with the glycols is indicated by the dihalogen paralhns 


CH, 

I 

CH. 


CH,Br 

> I — 

CHjBr 




CH,OH 

> I 

CH, OH 


CH,CN 


CH,(N 

Ethylene 

Cyenide. 


CH,COOH 

> I 

CH,COOH 

Ethylene 
Sacanie Acid. 

Y 


VOl I. * 
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(7) The alkylene dihalides react with magnciiium in ethereal solution 
in part similarly to, and in part in a more complicated manner than, 
do the simple alkyl halides (p, 185). Ethylene bromide gives ethylene 
and magnesium bromide ; in thte cold BrCH2CH2MgBr is also obtained. 
Trimethylene bromide forms trimethylenc (€112)3 (p. 321). and also 
BrMg[CH2]oMgBr, which with CO2 yields suberic acid, H02C.[CH2]5- 
CO2H. Pentamethylene bromide yields, as expected, BrMg[CH2]6MgBr, 
and also some BrMg[CH2]iqMgBr. The latter substance, with CO2, 
gives decane dicarboxylic acid ; the former, pentane dicarboxylic acid 
(pimelic acid) and hexamethylene ketone (B. 38 , 1296; 40 , 3049; 
C. 1907, IL 68i), 

iCOj CO2 

^- BrMg[CHJ,MgBr -^ [CH, 1 ,>CO. 

Pimelic Acid. HrrAmethylene Ketone. 

Ethylepe Halides—Ethylene Chloride, Elayl Chloride, Oil of the 
Dutch chemists, CH2CI.CH2CI, b.p. 84°, D4=ii*28o8, can be prepared 
(A. 94 , 245) by conducting ethylene into a gently heated mixture of 
2 parts of manganese dioxide, 3 parts of sodium chloride, 4 parts of 
water and 5 parts of sulphuric acid. It is also prepared from 
ethylene diamine and NOCl; also from dibenzoyl ethylene diamine 
and PCls (comp. p. 320). It is insoluble in water, has an agreeable 
odour, and sweet taste. 

Ethylene Bromide, CH2Br.CH2Br, m.p, 9®, b.p. 131°, is formed 
when ethylene is introduced into biominc, contained in a wide con¬ 
denser bent at right angles, which is covered with a layer of water (A. 
168 , 64), It is also produced when ethyl bromide, bromine and iron 
wire are heated to 100° (B. 24 , 4249). 

Ethylene Iodide, Cn2l.CH2l* ni-P* 81°* is formed on conducting 
ethylene into a paste of iodine and ethyl alcohol (J. 1864 , 345 )- 

History of the Alkylene Ilaltdes. —The four Dutch chemists, Dctman, Poets 
van Troostwyk, Bondt and Lauwerenbiirgh, while studying the action of cldorine 
on etliylene, first obtained ethylene chloride in 1795 as .m oily reaction product. 
Hence they called ethylene “ gaz huileux,” oily gas, a name which Fourcroy 
altered to ** gaz olefiant,” ” oilforming gas " (see Roscoe and Schorlemmer, Org. 
Ch., I, 647). This phrase subsequently gave the name ” olefines to the senes. 
Balard, the discoverer of bromine, obtained ethylene broim<le in ifizO by allowing 
bromine to act on ethylene (A. chim. phys. [2] 32 , 375) Faraday, in 1821, 
prepared ethylene iodide by acting on ethylene with iodine in sunlight. 

Propylene Halides, 1,2-Dihalogen Propane, CHsCHX.C'II^X, and Trimethylene 
Halides, i.yDihalogen Propane, CH,X.CH,CiIaX. The propylene halides 
result from the addition of halogens to propylene, and halogen acids to 
alkyl halides at ioo“. Trimethylenc bromide is prcp'ired from ethyl bromide 
and hydrobromic acid at —20® and, accompanied by propylene bromide, from 
trimethylenc and bromine in hydrobromic acid (C. 1890, 1 . 731 ; II* 465)* 

HgCl| and Kl, change trimethylenc bromide into the chloride and iodide. 

Propylene Chloride, b.p. 97®; Trimethylenc Chloride, b.p. 119®. 

„ Bromide, 141®; „ Bromide, „ 165®. 

„ lodidfr*, decomposes; „ Iodide, decomposes. 

Tetramethyl Ethylene Chloride, (CHs)aCCl.CCl(CHs)a, m.p. 159®, is prepared 
from pinacone and HCl (C. 1900, 11 . 1061). 

Tetramethyl Ethylene Bromide, m.p^ 149". with decomposition, results from 
the action of sunlight on Tetramethyl Ethylene Nitrosobromide, (CH,)|CBr.- 
C(NO){CH|)j. This substance is prepared from tetramethyl ethylene and NOBr 
(comp. p. 327) (B. 87 , 545)* It is a very volatile blue crystdliae powder. 
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■L.yDibfomohiUane, CHaCHBr.CHaCHiBr, b.p. 147^ is obtained from 
rf-butylene glycol (C. 1902. I 097 )- 

2,^-Dibromopentane, CHjCHBr.CHjCHlirCHa, b.p., 63® (C. 1904, I. 1327). 

Higher Homologues of the Polymethylene Halide Series are mostly obtained by 
the generarmcthods of preparation. Nos. 4 and 5 (p. 320) (J. pr. Ch. [2] 89 , 542; 
B. 27 , R. 735; 38 , 2346; 39 , 1112; C. 1903, L 583; 1904. II. 429; 1905, I, 
1698 ; 1906, I. 443 )* 

Tetramethylene Chloride, Cl[CHal4Cl, b.p. 162®; bromide, m.p. —20®, b.p.,* 
82® ; iodide, m.p. 

Pentamethylene Chloride, i,$-Dichloropentane, C 1 [CH J^Cl, b.p. 177® ; bromide, 
b.p. 221® ; iodide, m.p. 9 “» b-P-i* I 49 “* 

Hexamethylene Chloride, C1[CH2]6C1, b.p. 204® ; iodide, m.p. 9 ‘ 5 “. ^ * 63 *- 

Ilcptamethylcne Chloride, C 1 (CH 2 ) 7 C 1 , bp.28 120® ; iodide, m.p. o®, b.p.20 178®. 

2,yDtbromohef(ane, CHaCHBr.CHa.CHj.CHBrCHg, is prepared from 2,5- 
hcxylcne glycol (p. 3 i 5 )» from A“-hexanc-€-ol (butallyl methyl carbinol), or from 
diallyl (p. 190) by means of hydrobiomic acid. A mixture of stereoisomeric 
forms is obtained, containing a racemic form, m.p. 38®, and the mesoform, a 
liquid, b.p.jo 100® (B. 34 , 2569 ; 35 , 1^37). 

Sodium converts these compounds into cycloparaffins (Vol. II.), just as sodium 
and trimethylenc bromidoi produce triniethylene. Sodium malonic esters, 
sodium acetoacctic esters, and polymethylene bromides produce cycloparaffin 
carboxylic esters (Vol. II.). Mixed, neutral halogen esters of the glycols, con¬ 
taining two different halogen atoms, are also known. 

(f>) Esters of Mineral Acids containing Oxygen. 

Ethylene Nitrate, G/yco/ Dimtrate. C,H4(O.NO,),. Dg™i*483, is produced on 
heating ethylene iodide with silver nitrate in alcoholic solution, or by dis¬ 
solving glycol in a mixture of concentrated sulphuric and nitric acids : 

C,H.( 0 H),H- 2 H 0 NO,=CjH4(O.NO,)j+2HjO. 

This reaction is characteristic of all hydroxyl compounds {polyhydric alcohols 
and polvhydrtc acids); the hydrogen of hydroxyl is replaced by the NO^’-gvoup. 

The nitrate is a yellowish liquid, insoluble m water. It explodes when heated 
(like nitroglycerine). Alkalis saponify the ester with formation of nitric acid 
and glycol. 

OH 

Glycol Sulphuric Acid, C,H4<q gQ qjj, is produced on heating glycol with 

sulphuric acid. It is perfectly similar to ethyl sulphuric acid (p. 139), and 
decomposes, when boiled with water or alkalis, into glycol and sulphuric acid. 

B. Esters of Carboxylic Acids. 

In studying the fatty acids the methods of forming esters with monohydric 
alcohols were described. The same methods serve for the production of esters 
of the fatty acids with dihydne alcohols or glycols : 

(1) fiom the haloid esters of the glycols: halogenhydrins and aikylene 
halides with fatty-acid salts; 

CH,OH CHjOH 

I -fCHaCO.K^I -fKCl; 

CH,C1 CHjOCOCHa 

(2) from glycols by means ol fice acids, acid chlorides or acid anhydrides. 

(3) There also remains that typo of ester formation resulting from the addition 
of acids and acid anhydrides to aikylene oxides, just as acid anhydrides add 
themselves to aldehydes: 



CHjOCOCH* 
H, 0 ), 0 - I 

CHjOCOCB^ 


I 


CH,CH 0 + (C,Ha 0 )| 0 =CHs.CH( 0 C 0 CH,),. 


Glycol Diformin, CsH4(O.CIIO)t. b.p.,* 89®, is prepared from glycol by a 
mixture of formic acid and acetic anhydride (C. 1900, II. 314). 

Glycol Monacetate, CH,(OH)CH,OCOCH,, b.p. 182®, is a liquid miscible 
with water. If hydrochloric acid gas be led into the warmed substance there is 
formed Glycol Chfbracetin, Cklorethyl Acetate, CHiClCHf.O.C^HiO, b.p. 144®. 
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Similarly, hydrobromic acid produces Glycol BromoeetaU, b.p. 163*, which 
yields Glycol lodaceHn, b.p.«o when treated with Nal (C. 1901, 1 . 1356). 

Glycol Diacetate, 186* D0b;i*i 28. It dissolves in 7 parts 
of water. Glycol Distearate, CjU4(OCOCi,H,0),, m.p. 79®, b.p.® 241®. Glycol 
Dipalmitate, CjH4(OCOCi5H*i)t, m.p. V2®, b.p.g 226® (B. 86» 4340). 

a-Propylene Glycol Diacetate, CHs.CaHs(O.COCHg)|, b.p. 186® ; Tfimethylene 
Glycol Diacetate, (i llj).i(OCOCH3)g, b.p, 210®. 

The formation of the acid esters is well suited for the detection and deter¬ 
mination of the number of hydroxyl groups in the polyhydric alcohols, the 
sugars and the phenols. Benzoic ester particularly is especially easy to prepare. 
It is only necessary to shake up the substance with benzoyl chloride and sodium 
hydroxide in order to benroylize all the hydroxyls (B. 21 , 2744 ; 22 , R. 668, 
817). The formation of the nitric acid ester is also well adapted for the purpose 
(see Glycol Dmitrate, p. 323); also the carbatnic ester resulting from the action of 
the isocyanic ester (g.v.); and especially the phenyl isocyanic ester (q.v.). 

For carboxylic esters of unsaturated glycols, see p. 315. 


3. THIO-COMPOUNDS OF ETHYLENE GLYCOLS 

Compare the sulphui?* derivatives of the mouohydric alcohols (p. 142), the 
aldohydfs (p. 208), and the ketones (p. 225). 

A. Meroaptans. 

The mcrcjptans corresponding with ethylene glycol are formed by treating 
monochlorhydrin and ethylene bromide with potassium hyrlrosulphido. 

The Monothio-ethylene Glyeol, HSCHg.CHjOH, yields isethionic acid (p. 325) 
when treated with nitiic acid. 

QTJ 

Dlthloglycol, Ethylene Mercaptan, Ethylene Thiohydrate, C,H4<|j^. b.p. 146®, 

I>sni*i2. possesses an odour something like that of mercaptan. It is insoluble in 
water, and dissolves in alcohol and ether. It shows the reactions of a mercaptan 
(B. 20 , 461). 

Trimethylene Mercaptan, HS(CH3)3SH, b.p. 169® (B. 82 , ^370). 

B. Sulphides. 

(а) Alkyl Ethers of the Ethylene Meroaptans : Hydroxyethyl Ethyl Sulphide, 
CH,CH*.S.CH,CHjOH, b.p. 184®. Ethylene Dimethyl Sulphide, CIIjS.CH,.- 
CHj.SCHa, bp. 183®. Ethylene Diethyl Sulphide, b.p. i-nS®. 

(б) VtnyUalkyl Ethers of Ethylene Mercaptan or Sulphuranes : Vinyl Ethyl 
Ethylene Mercaptan, CHgiCH.SCHgCHgS.CiHg, b.p. 2x4®. For its formation, see 
the sulphtne compounds, which arc treated later on. 

(c) Tbiodiglycol, H 0 CHaCH,.S.CH,CHg 01 I. corresponding with diglycol, is 
also known (B. 19 , 3259). However, the simple ethylene sulphide, correspond¬ 
ing with ethylene oxide, is not known, whilst Diethylene Oxide Sulphone, 

CH ——CH 

0<cS * m.p. 130®, corresponding with dielhylene oxysulpbide, as 

well as Diethylene Disulphide, are known. 

/'TJ _f'U 

(d) Cyclic Sulphides: Dlethylene Disulphide, m.p. 112®, 

b.p. 200®, is formed from ethylene mercaptan, ethylene bromide, and sodium oxide. 
V^en ethylene bromide is digested with alcoholic sodiuM sulphide, a polymeric 
eihylene sulphxde, (C0H4S)», m.p. 145®, is produced at first. This is a whitr, 
amorphous powdei, inwilublc in the ordinary solvents, which protracted boiling 
with phenolchangf s to dicthylone disulphide (A. 240 ,305 ; B. 19 ,3263 ; 20 , 2967). 

CH S 

TrimeikyUne Disulphide, CH,< **, m.p. 75® (B. 82 , 1370). 

CriaS 

(#) Ethylene Mercapials and Ethylene Mercaptols are similarly produced from 
ethvlene mercaptan by the action of aldehydes, ketones, and HCl, just as the 
mercaptals (p. 209) and the mrTcaptols (p. 226) are obtained from mercaptans 
(B. 21 , 1473). 

CHjSv 

Ethylene Diihioethylidene, | ^CH.CHg, b.p. 173*. 

CHgS^ 
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CH,S—SCH, 

(/) Duihylene TetrastUpktde, [ | , mp. 150*, is produced by the 

CH jS—“SCH g 

action of the halogens, or sulphuryl chloride or hydroxylanune on ethylene 
mercaptan It is a white, amorphous powder (B 21 , 1470) 

C Sulphine Derivatives. 

Ethyl iodide and diethylcne disulphide umte to form Dxethylene DxstUphtde 
Svlphine Ethyl Iodide, 

CHjSCjHg 

Ethyl Sulphurane, I , is produced on distilling the above-mentioned 

Cfig S OgBg • 

iodide with sodium hydroxide The closed rmg of diethylene disulphide is 
V broken 

The union of the derivatives of diethylene disulphide with the higher alkyl 
iodides yields homologous compounds Imown as sulphuranes. They are the 
ttlkyl vinyl thio-ethers of ethylene (B 19 , 3263 , 20 , 2967 , A 240 , 305) 

D Sulphones. 

The dibulphoncs are produced when the open and the cyclic disulphides arc 
oxidized by ^tassium permanganate All sulphones, pi which sulphone groups 
aic attached to two adjacent carbon atoms, can be hydrolyzed {Stuffer^s law, 
B 26 , 1125) 

CH, SOg CgHg 

(а) Op$n Sulphones Ethylene Diethyl Sulphone, I » ni p I37^ 

CHg SOj CjHj 

has been obtained (i) from ethykne dithioethyl (2) from ethylene bromide 
by the action of sodium ethyl sulphinate, and (3) from sodium ethylene di- 
sulphinate by the action of cth\l bromide Ihc hcxivalence of sulphur in the 
sulphones IS tl us proved (B 21 , R 102) 

(б) Cyclic Sulphones (B 26 , 1124. 27 , 3043) Trimethylene Dlsulphone, 
mp 204-203® results from the oxidation of methvlenr dithioethyk ne J&rium 
hydroxide soJution decomposes this into Hydroxyethyl Sulphone Methylene SuU 
phintc Acid Plus, on boiling with water, forms first an internal anhydride, b p 
164®, which then loses SOg and turns mto Hydroxymethylene Sulphone, m p 20® 

CHg- SOg. CHgOH CHgO SO CH.OH 

I >CH,-I - >\ 

CHg so/ CHgSO.rUgSOgH CHgSOgCHg CH.SOgCHg 

JLnmcthylene Hydroxyethyl Sulphone Hydroxyethyl 

Sulphone Methylene Sulphimc Acid Methyl Sulphone 

The sulphimc lactone gives, on oxidation, Hydroxyethyl Sulphone Methylene 

CHg—O—SOg 

Sulphone Lactone, | | 

CHg SOg CH, 

CHg—SOg—CHg 

Diethylene Disulphone, \ \ , results from the oxidation of diethy« 

CHg—SOg—CH, 

lent disulphide, and decomposes similarly to trimclhylent disulphone 

£. Snlphonio Acid. 

Isethionic Acid, Ethylene Hydnnsulphontc Acid, Hydroxyethyl 

CHgOH 

Sulphonic Acid, | , is isomenc with ethyl sulphunc acid, 

CHg SOgH , 

C2H5O SOsH, and is pioduced (i) by oxidizing monothioethylene 
glycol with HNO3; (2) by the action of nitrous acid on taunne 
or amidoisethionic acid (comp, foimation of glycoUic acid from 
glycocoll, p. 362): 

HgN.CHgCHgSOgH+HONO^HO.CHgCHgSOgH+Na+HaOg 
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(3) by* heating glycol chlorliydrin with potassium sulphite ; (4) by 

boiling cthionic acid (p. 327) with water (B. 14 , 64; A. 223 , 198); 

(5) from ethylene oxide and potassium hydrogen sulphite. 

% 

Isethionic acid is a thick liquid, which solidifies when allowed to stand over 
sulphuric acid. Its salts are very stable and crystallize well. Chromic acid 
oxidizes isethionic acid to sulpho-acetic acid. 

The barium salt is anhydrous; ammonium salt iorms plates, m.p. 135^, and 
at 210-220^ it changes to the ammonium salt of di^isethionic acid, 0(CH2.- 
CHjSOjNH*), (B. 14 , 65). Ethyl Isetkionate, b.p. 120® (see 13 . 16 , 947 )* 

PCI5 converts the acid into Cklorethyl Sulphonic Chloride, Cl.CHjCH,SOj|Cl, 
b.p. 200®. It is also fomv'd by heating ethane disulphochloride. When it is 
boiled with water it is converted into Chlorethyl Sulphonic Acid, 

(A. 228, 212). 


Taurine, A minoiseihionic A cid, A minoethyl Sulphonic A cid, 

CHjNHji CHj.NH, 

I , or 1 I , m.p. about 240®, with decomposition, was 

CHj.SOaH CH,.SO, 

discovered by Gmelm in 1824; its sulphur content, which had 
previously been overlooked, was detected in 1846 by Redienbacher. 
It is considered in this connection because of its intimate relationsliip 
to isethionic and chlorethylene sulphonic acids. 11 occurs as tauro- 
cholic acid, in combination with cholic acid, in the bile of oxen (hence 
the name—ravpos, ox) and many other animals, and also in the different 
animal secretions. 

* It is formed when taurocholic acid is decomposed with hydro¬ 
chloric acid: 


CH,.NH(C„Ha,04) hci 

' HjO 


CHaSOsH 

T<»urocboIic Acid. 


CHa.NHa 

CHa.SO.,11 

Tdurinr, ChoUc Acid. 


It can be prepared artificially by heating chlorcthyl sulphonic acid, 
CH2CICH2SO3H, with aqueous ammonia {Kolbe, 1862, A. 122 , 33). 


This synthesis presupposes that of ethylene or ethyl ^Icohol (p. in). Both 
substances combine with SO, to give carbyl sulphate, a derivative of isethionic 
acid. 'Fho following diagram shows the course of the synthesis : 


CH,.OH 

I 

CH, 

Alcohol. 


2SO, CH,.OSO,v H ,0 CHj.O.SOaH H ,0 CH,.OH 

Carbyl Sulphate. Ethioxuc Acid. Isethionic Acid. 



CH.Cl 

CH.SOsCl 

Cbloretbyi SuU 
phonic Cblonde 


H ,0 


CH,.C 1 


I 

CII,.SO,OU 
Cflorethyl Sulphonic 
Acid. 


NH, CHj.NH, 


-> 


Cila.SOjH. 

Taurine. 


acid. 


Taurine also results ^hen ethylenimine is evaporated together with sul))hurous 

t 


Taurine crystallizes in large, monoclinic prisms, insoluble in alcohol, 
but readily dissolved by hot water. It contains the groups NH2 and 
SO^H, and is, therefore, both a base and a sulphonic Acid, but as the 
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two groups neutralize each other, the compound has a neutral reaction. 
It may, therefore, be considered as a cyclic ammonium salt, as indicated 
in the second constitutional formula. It can form salts with the 
alkalis. It separates unaltered from its solution in acids (see Glycocoll). 

Nitrous acid converts it into isethionic acid (p. 325). Boilirig 
alkalis and acids do not affect it, but when fused with potassium 
hydroxide it breaks up according to the equation : 

NH,CH,CH*SOaKH-2KOH=CHaCO,K + KjSO,+NH,-l-H,. 

CHa—NH 

Anhydrotaufine, | | , m.p. 88"*, is formed by the action of ammonia 

CHa—SOa * 

on chlorcthane sulphochloride, or on ethane disulphochloride (C. 1898, I. 20), 
Taurine introduced into the animal economy reappears in the urine as Tauro^^ 
carbamic Acid, NHgCONH.CHj.CHj.SOaH. 

CHa-N(CHa)a 

Taurobfiafne, I I , is prepared by methylating taurine, and is 

CHa—SOaO 

analogous to betaine {q.v.). 

O So H 

Ethionic Acid, H* ' constitution o^ fhis acid would indicate 

it to be both a sulj^iionic acid and primary sulphuric ester. It is therefore 
dibasic, and on boiliii*^ with water readily yields sulphuric and isethionic acids. 
It T( suits >\hen carb> I .sulphate takes up water. 

CHa—O—SOjv 

Carbyl Sulphate, | ^O, the anhydrideoi ethionic acid (A. 223 , 210), 

CHa-SOa' 

is formed whin the vapours of SOa passed through anhydrous alcohol. It 
is also pioiliji t \! by the direct union of ethylene with two molecules of SOa. 

CHa-SOaH 

Eih\'Unc Oisulphinic Acid, Ethane Disulphonate, | , m.p. 100®, may 

CHa-SOaH 

be ])tepaied tiom glycol mercaptan and ethylene thiocyanate by means of con¬ 
centrated Tiitiic acid: by the action of fuming sulphuric acid on alcohol or 
etJu r ; or boiling ethylene liromide with a concentrated solution of potassium 
.sulphitt*. It is easily soluble in water. Reduction with zinc dust, see B. 88, 
1071. 

Ethane Dtsulphochlovidc, SOjCl-CHa-CIIa-SOaCl, m.p. 98®, by the action 

CHaSOaH 

of zinc dust, forms thQ zinc salt of Ethylene Disulphoitiic Acid, \ . The 

CHaSOaH 

disulphochloride, similarly to the homologous chloride of 1,2-Propanc Dtsuiphonic 
Acxd, ('H3CH(S0aCl)CH2S02Cl, m.p. 48®, easily gives up SO* (comp. p. 147, 
Anhydrotaurino, Vinyl, and Piopeiiyl Sulphonic Acid); whilst the chloride of 
Trimethylcne Dtsulphonic Acid, CHa(CHaSOaCl)2* is more stable (B. 34 , 3467 ; 
86, 3626), and behaves in accordance with Stuffer’s rule (p. 325). 


4. NITROGEN DERIVATIVES OF THE GLYCOLS 

A. Nltroso-compounds. 

The addition-products of the olefines with nitrosyl chloride belong to this 
group (comp, the Terpcncs, Vol. II.). 

2 'etramcthyl Ethylene Nitrosyl Chloride, (CHj)aC(NO).C'(T(CHj)a, m.p. I2i®, is 
prcpareil by adding sodium nitrite to tetramethyl ethylene in an alcoholic 
solution of hydrochloric acid in the cold (B. 27 , 455 ; R. 467). It has a blue 
colour, and a somewhat penetrating camphor-like odour* 

Sec also Trimethyl Ethylene Nitrosite, (CH8),C(ONO).CH(NO)CHj, and W- 
irosate, (CH3)aC(ON6a).CH(NO)CH8 (p. 345 )- 

B. Nltro-compounds. 

Only one nitro-dcrivative of glycol—the primary body—is known. The 
moiiouitro- compounds can be looked on as being nitro-substitution products 
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of the paraffin alcohols, and are known under the name of nUro-^Ucckols, *fhey 
are prepared by the interaction of the halohydrines and silver nitrite, and from 
the primary mononitro- paraffins by condensation with aldehydes by means of a 
dilute solution of potassium bicarbonate or alkali hydroxide (C. 1S99, 1 .1154). 

Nitroethyl Alcohol, Glycol Ntirokydrin, CH,(NO,).CH,.OH, b.p.,, 120’ 
is a heavy oil. 2‘Nttropropyl Alcohol, CH,CH(NO,)CH,OH, b.p.n 121®. 
Nitroisopropyl Alcohol, CH,.CH{OH)CH,NOj, b.p.,^ 112®, Dj,=1*191 (B, 28 , 
R. 606) (see also Nttro-olefines, p. <151). ^-Niitoptopanol, HO.CH|.CH,.CH|KOt, 
b.p.,, X39**. For mtro-alcohols containing 4,5, and 6 carbon atoms, see C. 1897, 

337 i 1898, 1 .193. For Dinitro^ and Ho/ogen-m^ro-compounds, corresponding 
with the glycol series, see pp. 151,155. 

C. Amines and Ammonium Compounds of the Glycols. 

There are two series of amines, derived from the glycols, and 
corresponding with the two series of glycoUates, esters, mercaptans, 
etc.: 

HO.CHjCHjj.OH, HO.CH,CH,.NH„ and NH,.CH,CH,.NHg. 

GI7C0], Hydroxyethylamine. Ethylene Diamine. 

Therefore the amines of the glycols fall into two classes : (i) The 
hydroxyalkylamines dnd their derivatives ; (2) the alkylene diamines 
and their derivatives. 


(a) Hydrozyalkyl Bases, or Hydramines and their derivatives.— 
Methods of formation: (i) action of ammonia on the halohydrins; 

(2) by the union of ammonia and alkylene oxides in the presence of 
water (B. 32 , 729; C. 1900, II, 1009). In these two reactions the 
products are primary, secondary, and tertiary hydroxyalkyl bases, e,g.: 


CH,v CH,.OH 

I yO+NHg= I Hydroxyethylamine or Aminoethyl Alcohol (p. 117). 



+NHaDihydroxyethylamineorlminoethylAlcohol. 
CH,(OH).CH,v 

+NH,=CH,(OH).CHj-^N Trihydroxyethylamine or Azoethyl Alcohol. 


These three bases are best separated by distillation under reduced 
pressure (B. 30 , 909). They were discovered by Wiiriz and closely 
investigated by Knorr. 

(3) by redaction of nitro-alcohols (see above) hydroxyacid nitriles, 
amino-ketones or isonitroso-ketones (B. 33 , 2829, 3169); 

(4) by the action of sulphuric acid on allylamine with addition 
of water (B. 16 , 532): 

\Jf {5) by the application of the phthalimide read ion (p, 159), Alky- 
Irae halides arc allowed to act on potassium phtlialimide, the re¬ 
action-product being heated with sulphuric acid to 200-230°: 




, NH,CH,CHjOH 
+*HBr. 


On the course of the reaction of the alkaline decomposition of the 
brQmalkyl phthalimides, see B. 38 , 2404. 

' (6) The dialkylated hydroxyethylamine bases are also known as 
afkamines, and their carboxylic esters as alketnes (such as tropeine) (B. 
1 I 43 )* Alkamines are obtained from the halogen hydrines and 
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secondary amines; also from dialkyl amino*acetic esters and mag¬ 
nesium alkyl halides (B. 89 , 8io): 

C^H.Mgl 

(C,Hj),NCH,COOC,H, -(C,H,),N CH,C(C»H,),OH 

Some are possessed of physiological action (comp. C. 1904. I, ^ 
1195 , 1906, I. 1584)- 

The hydroxyethylamine bases are separated by fractional crystallisation of 
their HCl salts, or platinum double salts Ihey are thick, strongly alkalme 
liquids, which decompose upon distillation 

Hydroxyethylaminet Ammo ethyl Alcohol [Ammetbane‘2-ol] [Ethanolamme], 
CHjCOHjCHjNHj, bp 171®, and the homologous series of the Hydroxyethyl 
Alkylamines, CH,(OH) CH,(NHR) and CH*(OH)CH,(NR,), are best prepared 
by the addition of ammonia or the correspondmg primary and secondary amines 
to ethylene oxide m aqueous solution (A 816 , 104 , 816 , 31X) Hydroxyethyl 
Dimeihylamine, CHg(OH) CHsN(CH,)s, is also obtained by the brealung down 
of methyl morphimethm (Vol 11 Alkaloids), (6 27 , Z144). 

j Cholme, HydfoxyethytTnmethyl Ammonium hydroxide, Bthneurine, 
Stncaltn, HOCH2 CH2 N(CH3)30H, is quite widely distributed m the 
animal organism, especially in the brain, and in the yolk of egg, m 
which it IS present as lectihtn, a compound of choline with glycero- 
phosphonc acid and fatty acids. It is piesent in hops, hence it occurs 
in betr It has also been found in the plant Strophanihus, It 
is obtained, also, fiom sinapin (the alkaloid of Sinapis alba), when it 
is boiled with alkalis (hence the name stncaltn) It occurs, together 
with muscarine, (H0)oCHCH2N(CH3)30II(^) (B. 27 , 166), m fiy agaric 
{Argancus muscarius). 

History — i. Strecker discovered this base (1862) m the bile of swine and 
oxen lit gave it thi namf ck )hne from hile Liebrexch obtained it from 
protagon a con^lituent of the ntrvc substance and at first named it neunne, 
from vetpov nerve , this he ] ilei changed to biltneunne, to distinguish it from 
the correspondmg vinyl base which continued to bear the name neunne The 
constitution of cholme was ixpluned by Baeyer and Wurtx showed how it might 
be synthetic illy prepared bv the action of trimethylamme on a concentrated 
aqutous solution of ethylene oxide , 

CH,. CHjOH 

I > 0 +H, 0 +N(CH,),-o| 
cu/ CH,N(CH,),OH. 

Its hydroclilonde is produced from ethylene chlorhydrin and 
trimethylamme. Ethylene bromide and trimethylamme at 110-120® 
produce bromethyl tnintthyl ammonium bronude, which on heating 
with water at 160°, gives chohne hydrobronude, HOCH2CH2N(CH)sBr 
(B. 86, 2901). 

Choline deliquesces in the air. It possesses a strong alkaline 
reaction and absorbs CO^ Its platinum double salt, (C5Hi40NQ)2,- 
PtCl4, crystalhzes in beautiful reddish-yellow plates, insoluble in 
alcohol. See B. 27 , R. 738, for cholme derivatives. 

Isochohne CH,CH(OU)N(CH,),OH, is obtamed from aldehyde-ammonia 
(B 16 , 207) Homochohne UOCH,CH,Cn,CH,N(CH,),OH (B 22 , 3331 )- 

Neurlne, Vinyl Tnmcthyi Ammonium Hydroxide, CHf CH N(CHg)gOH, re- 
Mmbles cholme, from which it is produced when cholme undergoes putrescent 
decomposition og when boiled with barium hydroxide solution. It hM also 
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been obtained from the brain substance. It occurs with the ptomai'nes^^ 
alkaloids of decay of proteins, particularly in animal bodies. It may be derived 
from the bromide corresponding with choline (obtained by treating ethylene 
bromide w'ith trimethylaniine), and the iodide (resulting from the action of HI 
on choline) when they arc subjected to'thc action of moist silver oxide: 

CH,.OH 2HI CfI,I Ag-o f'H. 

CH,N(CH,),OH CH,N{CHs),l CHN(CH,),OH. 

Choline. Neurine. 

Contrary to choline, which is harmless, neurine is exceedingly poisonous. 

CO— o 

BetaYne^ Trimdhyl Qlycocoll, Oxyneuriney Lycinc, 1 l ,is 

allied to cludine and neurine, from which it is obtained by oxidation 
(Liebreich, B. 2, 13) : 

CHaOH 2O COOH -HoO CO-O 

, -^ j -^ I , 

CH,N(CH3)30H CXl8N(CIl8)30H CIJ3N(Cn8).. 

Chnliae. , 'Be tame. 

As it is a derivative of amino-acetic acid it will be more closely 
examined, in company witli other betaines, with the amino-fatty 
acids 

Amino-ethyl Ether C2H5OCH2CH2NH2, b.p, 108°, is obtained 
from ^-chlor-or j3-brom-ethylamine by means of sodium alcoholatc. 

^-Dimethylamine Ethyl Ethety C2H50CH2.CH2N(Cll3)2, b.p. 121®, 
occurs in the break-down products of various morphine bases (Vo). II.; 
Alkaloids) (B. 37, 3504 ; 38, 3150). 

DibydroxyethylammCy NH(CH2CH20H)2, m.p. 28°, b.p.joo 270°, is 
prepared from ethylene oxide and dibromodicthylamine. 

P-Dtaminoeihyl Ether, 0(CH2CH2NH2)2. t>.p, 183-184°, is obtained 
by the break-down of its diphthalyl derivatives, which, in turn, are 
prepared from diido-ether and 2 molecules of potassium phlhalimide 
(B. 38, 3411)- 

Diethyleneimide Oxide, Morpholine, is produced when 

dihydroxyethylamine is heated to 160® with sulphuric acid, and distilled with 
potassium hydroxide; also, from diiodo-ether (pp. 129, 320) and toluenesulpho- 
namidc (Vol. II.), and subsequent decomposition of the toluene sulphomorpholine 
formed (B. 34 , 2O0O). See B. 22 , 20K1, for homologous morpholinc.s. It is 
assumed that the same atomic grouping exists in morphine as in morpholine, 
hence the name. 

T fihy droxyethylamine, N (CH -CH jOHi), b.p. 2 78®, i -A mino~2-propanol, 
CHaCH(OH).CH,(NHa), b.p. i6i*; i-Amino-2-butanol, CH,CH,CII(OH)CH,.NH8, 
b.p. 204®, 2 -Amino-ypentanol, CH8CH8CH(OH)CH(NHJCH*. b.p. 174®, etc., 
are prepared by reduction from the corresponding nitro-alcohols ; x-Afnino-2- 
propanol and 2 ~Ainino-yhiUanol, CH8CH(OH)CH(NH|)CH8. also from the 
corrcsp>onding i&onilroso-kelones; x~Amino~2-butanol and 2-Amino-ypentandl 
also from the corresponding amino-ketones (B. 32 , 1905 ; 33, 31O9; 87 , 2480; 
C. 1902, I. 716, 717). 

i-Amino-^-butanol, CH8(OH).[CH8]tCH8{NH8), b.p. 206®, is produced from 
y-cyanopropyl alcohol by sodium and alcohol (B. 88, 3170); methyl ether 
(B. 32 , 94S). 

Diacetone Alkamine, (CH8)jC(NH,).CH8CH(OH)CH,, b.p. 175®, results on 
reducing diacetonamine (p. 230) (A. 188 , 290 ; B. 80 ,131S). 

For homologous alkamines, see also B. 14 , 1876, 2406; 15 , ZI43 ; 28 , 3111; 
29 ,1420, etc. 

. (6) Halogen Alkyiaminei, or Haloid Eaton ot the Hydroxyalkylaminoi.—-In 
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the free state these bodies are soluble in water and not ve^ stable. They easily 
change to salts of the cyclic imines. e.g, chloramylamine, ClCHs(CHfl)|NHs> 

becomes pentamethyleneimide or piperidine hydrochloride, CH,.(CH,)4l!fH.HCl. 
On the transformation of tert.-^- and y-chloralkylamine into piperazonium 
bromide, see p. 337. Methods of Formation : (i) The addition of a halogen 
acid to unsaturatcd amines, like vinyl- or allylamine, p. 166 (B. 21 , 1055 ; 
24 , 2027, 3220 ; 30 , 1124). 

{2) By the action of halogen acids on hydroxyalkylamines. 

{2a) By mixing the nitriles of the halogen substituted acids with sodium 
phenolate, reducing and heating with a halogen acid (B. 24 , 3221 ; 25 , 415): 

Cl.CH,CH,CH>CN+NaOC,HB=C,HBO.CHjtHaCH,CN-fNaCl 
4H 3HCI 

CgH 50 CHj[CHJ,CN-H:,H5.0CH,[CHdjCH,NH,->C1CH,[CHJ3NH,.HC1. 


(3) From imidochlorides, which result from the action of PCI5 on the alkyleno 
dibcnzoyl diamines (p. 321), by distillation under reduced pressure (B. 38 , 
234O). 

(4) When the halogen alkyl phthalimides are heated with halogen acids (B. 
21 , 2665 : 22 , 2220 ; 23 , 90)^ e.g. : 


Broznctbyl Phthalimides. 


HBr 


aH,0 




o-Phthalic Acid. 


The following arc known : 

Chlor-, brom-, iodo-ethylamine, ICIIaCHaNH,; transformation of bromethyl- 
aminc into ethylene imide, see p. 355. fi-Chloreihyl Dimethylamine, ClCHjCHjN.- 
(CHsIs, b.p. j 10®, is an oil. Its aqueous solution changes on keeping or evapora¬ 
tion into tetramethyl piperazonium chloride (p. 3^6) (B. 37 , 3507). fi-Bromo- 
propylamine, CHaCllBrCHjNIij, results from boiling allyl mustard oil with 
hydrobromic acid, and is obtained as a hydrobromide (B. 32 , 367), y-Chloro- 
propy/ClCHgCHjCHjN(ClI,)a, b.p. 135® (B. 39 , I420). y~Bromo~ 
propylamine, BrCHjCHjCHjNH j. p-Bromobutylamine, CH,CH,CHBrCH,- 
Nllj. y-Chlofobiitylamine, CHjClICl.C'lIgrHaKHj (B. 28 , 3111). S-Ckloro- 
buiylamtne, ClCIIj[CH Jj-NHa- e-Chloroamylamine, C1CH,[CHJ4NH,. J 5 - 
Methyl-^-chloro-n-amylamine, CHgCILCHglgCHfCHjlCHaNBj. p-n-PropyUe- 
chloYo~xi-amylamxm, CHiCl[('Il2]aCII(C3H,)CHjNH3 (B. 27 , 3509; 28 , 1197). 
The lour last compounds lose HCl and form tetramethylene imino and 
pentamethylene imine (p. 336); or piperidine, pipecoline, and jS-propyl 
piperidine. 

h-Chlorohexylamine* Cl[CHa]4NH,, and y-Chloroheptylamine, C1[CH3]7NH3, 
with 5-chlori»ainylamine, are obtained from the alkylcne dibenzimide chlorides 
(method above), and, like it, yield a cyclic imi<1e (p. 334). 

Dibromodiethylamine, NH(CIlsCHjBr)j ( 13 . 30 , hog). 

(c) Sulphur derivatives of Hydroxyethylamine. Aminoethyl Mercaptan Hydro¬ 
chloride, HCl.NHj.CHjCHgSH, m.p. 71®. Thiodiethylamine, (NH,CH|CH|)jS, 
b.p. 232® (comp. Ethylene Imine, p. 335)* Diaminoethyl Disulphide Hydro¬ 
chloride, (NHjCHjCH,S), 2HC1, m.p. 253°. Diaminodiethyl Sulphone, (NHjCHj- 
CH,)jSOg, and Diaminosulphonal, (NHj.CH,CIl,S03)jC{CH3),, m.p. 85®, are 
prepared from bromethyl phthalimidc (B. 22 , 1138; 24 , 1112, 2x32, 3101; 
35 , 1372). 


Taurine, Aminoisethionic Acid, NH2CH2CH2SO3H, has already 
been discussed under isethionic acid (p. 325). 

II. Alkylene Diamines.—The di-, like the monovajent alkyls, can replace 
two hydrogen atoms in two ammonia molecules and produce primary, secondary, 
and tertiary diamines. These arc di-acid bases, and are capable of forming 
salts by direct union with two equivalents of acids. Some of them have been 
detected with the ptomaines or alkaloids of decay (B. 20 , R. 68) and are therefore 
worthy of note, s.g. tetramethylene diamine, and pentamethylene diamine or 
cadav$rint. 
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Formation : (i) They are prepared by heating the alkylese bromides with 
alcoholic ammonia to loo** (p. 157) in sealed tubes: 


BrCH,.CH,Br+ 2 NH,=C,H«<^^», 2 HBr 

Ethylene Bromide. Ethylene Diamine. 

2BrCH,CH,Br+4NH,=NH<^“*;™«>NH.2HBr+2NH4Br 

Diethylene Diamine. 

3BrCH3CH,Br-h6NH8«NfC,H4-^N.2HBr+4NH4Br. 

^ Triethylene Diamine. 

To liberate the diamines, the mixture of their hydrobromides is distilled with 
KOH and the product is then fractionated. 

(2) Another very convenient method for the preparation of diamines is the 
reduction of (u) alkylene dicyanidcs or nitriles of dicarboxylic acids (^.v.) with 
metallic sodium and absolute alcohol (see p. 158 and B. 20 » 2215): 


CN CHgNH, 

I + 8 H=v! : 

CN 

Dicyanogen. Ethylene 

Diamine. 


CH8.CN . CH.-CHi-NH* 

I +8H = 

CH,.CN 

Ethylene 
Cyanide. 


(!;h,.ch,.nh,. 

Tctramethylene 

Diamme. 


(6) By the reduction of the oximes, (c) of the hydrazones of the dialdehydes 
and diketoncs. and (d) of the dinitroparafhns. 

In some of these reductions cyclic imines have been observed; thus, in the 
reduction of ethylene cyanide in the presence of tetramethylene diamine, tetra- 
methylene imine is formed. 

(3) From dicarboxylic amides, bromine and alkali hydroxide (B. 27 , 51 1 ) 
(P- 159 )- 

(4) From dicarboxylic azides (J. pr. Ch. [2]. 82 , 189). 

(3) From alkylene diphthalimides on heating svith HCl: 


C.H.{ir)CO>N[CH,],N<Cgj0}c.H. 

Tnmetliylene Diphthalimide. 


aHCl 


2C,H.(C0,H), 

HU.NII,CH,CH,CH,NH,.Ha 
Trimethyk ne Diamine Hydrochloride. 


( 6 ) From diamino-mono- and -di- carboxylic acid, by dry distillation (C. 1905, 
II. 463): 


CH ..CHj.CH (NH 8)C00H 

<!:h8.ch».ch(NH8)cooh 


CH8CH8CH8NH8 

CHjCHjCHjNHa 


+2CO 


t* 


Properties .—The alkylene diamines arc liquids or low melting solids of 
peculiar odour, which, in the case of those that are volatile, resembles that of 
ammonin and recalls that of piperidine. They fume slightly in the air, and 
absorb caibon dioxide. It is found that the melting points of the homologous 
series arc not regular in their increase, but those of members containing an even 
number of C atoms are higher than of those containing an uneven number. The 
boiling points, on the other hand, show a regular increase (J. pr. Ch. [2] 62 , 
192 ; C. 1901. !• bio). 

Reactions .—Alcohol and acid radicals can be introduced into the amino- 
groups of the diamines in the same manner as in the amino-groups of the mon¬ 
amines (Action of formaldehyde, sec B. 86, 35). The production of the dibenzoyl 
derivatives, e.g. C8H4(NHC0C4H5)2, upon shaking with benzoyl chloride and 
sodium hydroxide, and Ihft; formation of phenyl ureas, (CH3)n(NHCOC8HB)|, by the 
action of phenyl cyanate, is well adapted for the detection of the diamines 
(B. 21, 2744; C. 1905,'* 1 . 274). On the conversion of the alkylene dibenzoyl 
diamines into chloralkylamiues and alkylene dichlorides, see p. 320. Nitrous 
acid converts them into glycols, at the same time unsaturated alcohols and 
nnsaturated hydrocarbons arise (B. 27, R. 197 ). 

• Further, the diamines unite directly with water, forming very^table ammonium 
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QX%d$s, which only give np water again when they are distilled over potassium 
hydxozide (coxnp Pentamethylcne Dianune). 

CH,NH, CH,NH,v 

i +HtOs I Ethylene Diamine Hydroxide. 

HjNHj CH, NH,/ 

Bv loss of ammoma they pasb into cychc immes. 

^ MW 

Ethylene DlanUne* 85°, bp 1165®, combines with water 

to form EthyUn» Dtarntne Hydrox%de m p 10®, and b p 118® It reacts strongly 
alkaline, and has an ammoniacal odour 

Nitrous acid converts it mto ethylene oxide Ethylene Dtmiraminc 
NOjNHCH, CH^HNO, (B 22 , R 295) Thtonyl Ethylene Dxamtfie, SO N.CH, - 
CHj N SO. m p 5". b p 100® (B 80 , 1009) 

Lthylcne diamine and a /3 propylene diamine like the orthodiammes of the 
benzene bents, combine with orthodiketones. e g phenanthraqumone and 
bt^nzil. to form pyrazme derivatives, similar in structure to the qumoxahnes 
Ihey also unite with the benzaldehydts and benzoketones (B 20 , 276 , 21 , 2358) 
The action on ithykne diimme of CbCl, (B 27 , 1663), and of aldehydes (C 
1899 1 59i. B 40 , 88t) • 

Biacetyl Ethylene Diamine, m p 172®. consists of t^uourless needles When 
this compound is htated beyond its melting point, water splits ofi. and there 
follows an inner condensation that leads to the formation of a cyclic amtdtne 
base closely allied to the glyoxaltnes It is ethylene ethenyl amtdtne or methyl 
glyoxaltdtne, which under the n ime Lystdtne m p 105® b p 223®, has been 
TLcommended as a solvent for uiic acid (B 28 , 1176) ihe correspondmg 
propylene and tnmethylene diamine derivatives react similarly (B 86 , 338): 

:h,nhcoch, ch, nh\ 

I * I >CCHs-tCH,CO,H. 

CHjNHCOCH, cn, N" 

Diacetyl Diethylene Ethylene Etheo 

CHg CH NH, 

Propylene Diamine, I * bp ziO'izo® (B 21 , 235 Q)» bas been 

( H,NH, 

rcsolvi d into optically active components bv means of d-tartaric acid 

I Propylene Diamine, [a]®---19 n**. forms a d-tartrate, which is sparingly 
soluble (B 28 ,1180) 

Trimethylene Diaqilne, CHXch’nh’ *35-i36* (B 17 , 1799, 21 , 

2670) has been prepared by general methods 1.3. and 4 (from glutanc diazide), 
and {-zd) by reduction of 1 i-dinitropropane (p 155) 

ay Tnmethyl Trimethylene Diamine jSd Dtammo ^ methylpeniane (CH3)2C 
(NHa)CHaCH(NH3)CIl3 is obtamed from duicetonc ammo oxime (p 230) by 
reduction with sodium amalgam (M 23 , 9). also bv reduction of acetyl acetone 
dioxime with sodium and alcohol By the second method a Idbtle a diamino 
pentane b p 3© 47® is produced which is converted into the stable p diamino- 
pentane bp ^3 44® by pi donged boiling with alkalis Both bases yield c>ckc 
ctlunyl amidmes when he ttd with acetic acid (see above) (B 82 , 1191) 

Tetramethylene Diamine, i>4 Dtamtnobutane, NH3[CHt]4NH3. m p 27®. is 
obtainfd from ethylene cyanide by general methods 2a and 26 from succin- 
aldehyde dioxime (p 355) (B 22 , 1970, 40 , 3872) It is found during 

cystmuna in the unne and faeces With regard to its identity with putrescetne 
(which is produced dunn.' putrescence), see B 40 , 3875 Tetramethyl Tetra~ 
methylene Dtamtne, {CHs)^’^ [CH,]4 N(CH,)3, bp 169®, occurs in Hyocyamui, 
Henbane (3 40 , 3S69) * 

it^~Diam%nopentane, CH,CH(NH,)CH,CH3CH4NHj bp 172*, is formed 
from the nitnlc of pyioracemic acid according to method of formation 2a. 

2,5-D*flmi«oA#;raw«, CHjCH(NHj)CHj CH,CH(NH,)CH„ b p 175®. is fonned 
from the diphenylbydrazone of acetonyl acetone (p 356) according to 
method of formation 2c It exists in two forms which are charactenzed by their 
dibrazoyl denva^ves: a-denvative. m p 238®, ^-derivative, m p X83-X85*. 
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a 

They bear a relation to each other similar to that shown by racemic acid 
and mesotartaric acid (B. 28 > 379). 

i,^~Diamino'^~niethyl Ptfw/ani?,CH>CH(NH,)CHa.CH(CH,)CHsNH,. b.p. 175®, 
is obtained from a-mcthyl laevulindialdqximo (p. 355) accordin^^ to method of 
formation 26 (B. 23 ,1790). 

Penlamethylene Diamine, Cadaverine, i.yDiaminopentane, NHgCHa.CHa.- 
CHj.CHjCHjNHj, b.p. 178-179®, is obtained by the reduction of trimethylene 
cyanide (method of formation 2a) (B. 18 , 2956; 19 , 780); also from penta- 
methylene diphthalimidc (by method of formation 5) (Preparation, see B. 87 , 
35®3): further, from lysine (i,5“diaminocapioic acid) (mode of formation 

b, p. 332). It forms a hydrate containing 2H,0 (B. 27 , H. 580). It is identical 
with cadaverine, a ptomaitte isolated from decaying corpses (B. 20, 2216, and 
R. 69). 

Neurldlne, C5H14N9 (B. 18 , 86), formed by the decay of fish and meat, is 
isomeric with pcntamethylene tliaminc. 

Hexamethylene Diamine, i,(y~Diaminohexane, m.p. 42®, 

b.p.80 100®, is formed in the hydrolysis of Hexamelhyleve Diethyl Urethane, 
[CH,],(NHC02C2H5)8, m.p. 84°. which results upon boiling the suberic acid 
azide with alcohol (J, pr. Ch. [2] 62 , 206). Also from i,0-diaminosubcric acid 
by distillation (mode of formation 0, p. 332); further.^by reiluction and hydrolysis 
of e-benzoylamino(.apio’I»^cid nitrile, CflH5CONH[^ HjJgCN (B. C8, 2204). 

Heptamethylenc Diamine. NH8(CH2]7>;n2, m.p, 29®, b.p. 224®, i.s prepared 
from azelaic amide and KBrO, and from pimclic nitrile by reduction (B. 38 , 
2204). 

i.S-DiaminO'Octane, CHaNHa^CIlaJflCHaNHj, m.p. 51®, b.p. 220°, is ootained 
from the amide or azide of scbacic acid (method of formation 3 or 4) (J. pr. Ch. 
[2] 62 . 227); and from 1,8-diaminoscbacic acid (method of formation 6, 
p. 332). Its hydrochloride gives a-butyl pyrrolidine on healing (C. 1900, IJ. 527). 
i,g-Diamino-ftonane, m.p. 37®, b.p. 258®, is obtained from azelaic nitrile (^.v.) 
(C. 1807, II. 840)- 

i.io-Dekamethylene Diamine, NIl2CHa(CH8)8CH8.NIIj, m.p. 6i'5°, b,p.,a 
140®, results from the nitrile of scbacic acid (method of foimation 2a) (B. 25 , 2253), 


Cyclic Alkylene Imines. 

Two classes of these substances are known—the alkylene monimines, 
which contain one imino-group. and the dialkylene diimines, which 
contain two alkylene residues and two imino-groups. 


1. Alkylene Monimines. 

To this group belong compounds corresponding with the alkylene oxides: 



Dimethylene Imine Trimethylene 

Ethylene Imine. Imme. 


CHj—CHav 

I >NH 

CH,—ClJa^ 

Tetramcthylene 

Imme. 


Cli/ 




\ 


''C'll,—CH,/ 

PcDtamc (hylene 
immr. 


NH. 


Methods of Foymatton. —(i) Upon heating the diamine hydrochlorides, when 
ammonia splits off as ammonium chloride, e.g.: 

ClH.NH,CH,CH,CH,CH,CH,NH,.HCl=iH,CH,CH,Cn,CJl 5 'II.HCl+NH 4 Cl. 

Pestamethylene Diamine Hydrochloride. Fentam«^thylcae Iinide, Piperidine. 

(2) By the splitting-off of halogen acid from the halogen alkyl amines— 
e.g, when the hydrochloride is heated, or when it is digested with dilute potassium 
hydroxide (B. 24 , 3231; 25 , 415): 

C 1 CH,CH 5 CH,CH,CH,NH, = (iH,CH,CH,CH,CH,liH.HCl. 

«>ChioramyUi^e. Piperidine Hydrochloride. 

(3) They are produced, together with the diamines, in the reduction of 
alkylene dicyanides. 
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The tendency to fonn imino-rings and the stability of such rings towards 
reagents producing cleavage, depends on the number of members taking part 
in their structure, as has been seen to be the case among the ethylene osudes 
(p. 317). 

Whilst ethylene imine is easily decomposed (see below), the tetra> and penta- 
methylene imines are very stable, and special methods are required to break 
them open. Such are : (r) the iodomeihylate method, which breaks the quaternary 
ammonium iodides into olefine dialkyl amines by means of alkali; (2) oxidation 
of the benzoyl imines, which produces benzoyl amino-fatty acids; (3) heating 
benzoyl amines with phosphoric halides, forming dihalogen paraffins and benzo- 
nitrile (comp. p. 321). These methods will be discussed under Heterocyclic 
Compounds (Vol. II.). • 

llic investigation of the hexa^, hepta, and deca-methylene imines leaves it 
lather doubtful as to whether these ring-systems can exist; it appears, however, 
that the hydrochloride of octomethylene diamine can be prepared by heating 
dccamethylenc diamine, with the partial atomic rearrangement to form a-alkyl 
pyirolidine (sec below) (comp. B. 89 , 2193, 4110 ; C. 190b, II. 527). 

CH. 


Ethylene Imine, Dimethylene Imine, 




NH, b.p. 55°, D,p=o- 832I, is 


obtained from bromcthylamine by means of AgiO or p^&issium hydroxide solu¬ 
tion. It is a water-clear liquid, which smells strongly of ammonia, dissolves in 
water, and acts corrosively on the skin. It is stable against permanganate and 
biommo, which shows that the above formula is correct rather than the earlier 
vinyl formula which was assigned to it. With benzene sulphochloridc (Vol. II.) 
and alkali, it forms a sulphamide, insoluble in alkali. It combines with hydro- 
bromic acid in the cold to form bromethylamine, witli HjS to thiodiethylamine, 

CH.. 

and with sulphurous acid to taurine. n-Methyl Ethylene Imine, I yNCH,, 

CHj' 

b.p. 28®. is prepared from chlorcthyl methylaminc, ClCHaCHjNHCHj, and alkali. 
Similarly to ethylene iminc, it is converted by lodoniethane into iodo-ethyl 
triraethyl ammonium iodide, ICli2CHjN(CH,),I (B. 34 , 3544 )* 

Trimethylene Imlne, CHs<^JJ*>NH, b.p. 63°. 0,0=0-8430. If trimethylenc 

bromide and alkali react on ^-toluol sulphamide, p-loluol sulphotrimethylene 
iniide is produced; and when this is hydrolyzed by sodium m amyl alcohol 
solution, tnmcthylcne imide is produced. It is easily decomposed by acids, as is 
ethylene imine (B. 82 , 2031). 

CH,.CH,y 

Tetramethylene Imftie, Tetrahydropyrrole, Pyrrolidine, \ yNH, b.p. 87®, 

CH,.CH/ 

is obtained from tetramethylene diamine (method of formation i); from 
8-chlorbutylaminc and potassium hydroxide (method 2) (B. 24 , 3231), and by 
the reduction of pyrroline. the first reaction-product of pyrrole (B. 18 , 2079), 
and of succtnimide (see Succinic Acid) (B. 82 , 95^) • 


eH=CHv 

I /NH 

eH==CH^ 

pyrrole. 


,H CH.CH, 


> II Vh 

ch-ch/ 

Pyrroline. 


M CH,.CH, 


> I "\nh. 
CH,.CH,/ 

Pyrrolidine, Tetramethylene 
Imide. 


Tetramethylene imide has an odour resembling that of piperidine. Tetta- 
methylene Nxtrosamine, C4HgNNO, b.p. 214® (B. 21 . 290). n-Methyl Pyrrolidine, 
(CHaJiNCH,, b.p. 82®, is produced by distillation of tetramethyl tetramethylene 
diamine dichloromethylate (p. 333). 

CH,.CH(CH,)\ 

1- or a-Methyl Pyrrolidine, | b.p. 79 *. w obtained from 

CHj.CH,"^ 

y-valcrolactam (q.v.), 

2- or P'Methyl Pyrrolidine, b.p. X03® (B. 20 , 1654). 

i,^-Dimethyl Pyrrolidine, b.p. 107® (B. 22 ,1859). 
i^^-Tetramethyh PyrrtMdine (C. 1903* 830). 
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Fentametliyleiie Ixnine, Piperidine, Hexahydropyrtdine^ 


b.p. io6®, is obtained according to methods i, 2 (B. 25 , 415) and 3 
(P* 334) '• also from piperine (Vol. II.), and by the reduction ot pyridine, 
into which it passes when it is oxidized ; 


XH-CH. 
CH€ ^ 

XHr^CH 
P3rridine. 


6 H 




N 


3O 


CH, 





Pipeiidmp, 


/ 


NH. 


Piperidine bears the same relation to pyridine that is sustained by 
pyrrolidine to pyrrole. Therefore, tetramethylene imide and penta- 
methylenc imide link the p5nTole and pyridine groups to the simple 
aliphatic substances, the diamines, and their parent bodies, the glycols. 

The pyrrole and pyridine derivatives will be discussed later in 
connection with the •»heterocyclic ring syslems, together with allied 
bodies, and pyrrolidine and piperidine will again be referred to. 


II. Dlalkylene Dllmines. 

This class embraces those compounds 'corresponding with diethylcne oxide 
(p. 316), diethylene disulphide (p. 324), and diethylene imido-oxide or morpholine 

(p- 330)- 


f 


Diethylene Diimine, Piperazine, Hexahydropyrazine, 



m.p. 104°, b.p. 145®, was first prepared by the action of ammonia 
on ethylene chloride. It is produced by heating ethylenediamine 
hydrochloride (B, 21 , 758), and by the reduction of pyrazine, 

724)' It is technically made from diphenyl 

diethylene diamine, the reaction-product of aniline and ethylene 
bromide, when it is converted into the p-dinitroso-compound, and the 
latter then broken down into p-dinitrosophenol and diethylene diamine: 




[CH.], 


CHj.CH,' 


Diethylene diamine, or piperazine, is a strong base, soluble in 
water, which upon distillation with zinc dust, clianges to pyrazine 
(Vol. IL) (B. 26 , R. 441). It is important that piperazine unites with 
uric acid to form a salt even more readily soluble than the lithium salt. 
Hence its strongly alkaline, dilute solution has ’)een recommended 
as a solvent for uric acid (B. 24 ,241). For piperazine derivatives, see 

B. 30 , 1584. 


QuaterMry Piperaxonium Halides are obtained by the action of iodo-alkyls 
on piperazine (B. 86,145); and also by spontaneous change of j8-chlor- or brom- 
ethyl dialkylamines (p.'33i) whereby me oily bases are converted into solid 
neutral salts: 

Chlonthyl Dimethylamine. Tetramethyl Piperatonium Dlehloride. 

Alkali produces ethylene methylimine and the polymeric n-dimethyl piperazine^ 
whilst chlor- and brom-ethylamine yield only etbyleneimine. • 
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Diplperldyl Plperazonlam Bromide, is 

obtained, analogously to the above, from j8-bromethyl piperidine, (CH,)gNCHt- 
CHflBr. It is also prepared from piperazine and two molecules of dibromo- 
pentane. 

These quaternary pipcrazonium halides are decomposed by alkalis partly 
into acetylene and tetra-alkyl ethylene diamines: 

cin(ch,),<§h*II^hJ>n(ch,),ci— 

and partly into hydroxcthyl dialkylamines. 

Dry distillation decomposes tetramethyl piperasonium chloride into chloro- 
methane and n-dimethyl piperazine (B. 87 , 3507 ; 38 , 3136 ; 40 , 2936). 

Trimethyleno Ethylene Dllmlne, b.p. i6g\ is 

prepared from trimethylene ethylene p<toluene sulphimide, 

C,H,SO,N<^g|^CH;>NSO.C,H, 
and HCl (B. S 2 , 2041 ; 88, 761). 

Bto-Trlmethylene Dllmlne, m.p. 15*, b.p. 187*, 

is obtained from its p>toIuene sulphimide, which is the product of reaction 
between trimethylcne bromide and the di-sodium salt of di-p-toluene sulpho- 
trimethylcne diamide, CHaC.HiSO.NNa.CH.CH.CHa.NNaSO.C.H.CH, (B. 82 , 
2038). 

The sjMjntancous change of y-chloropropyl dimethylamine, ClCHjCHjCHjN- 
(CH,)], produces Bis'trimethylene Tetramethyl Dtxmonxum Chloride, C 1 (CH,),N- 
[CH,CHaCH,]sN(CHs)sCl (comp, above, pipcrazonium bromide; and B. 80 , 
1420). 


2. ALDEHYDE-ALCOHOLS 


These contain both an alcoholic hydroxyl group and the aldehyde group 
CHO, hence their properties arc both those of alcohols and aldehydes (p. 191). 
The addition of 2 H-atoms changes them to glycols, whilst by oxidation they 
yield the hydroxy acids, containing a like number of carbon atoms. The most 
important representatives of this group are the jS-hydroxyaldehydes or aldols, 
which result from the aldol condensation of the simple aldehydes. 

Glycollic Aldehyde, [Ethanolal], CHa(OH)CHO, m.p. 95-98“, is the first 
aldchyile ot glycol, ahd can be obtained from it by oxidarion with hydrogen 
peroxide in the presence of ferrous .salts. It is also prepared from bromacetalde- 
hyde and barium hydroxide solution, and from chloracetal by treatment with 
alkali followed by acid (C. 1903, I. 1427). Further, it is very easily produced 
from dihydroxymaleic acid (an oxidation product of tartaric acid) by heating it 
with water at 50-60°. A noteworthy formation, although only in small 
quantities, is that by condensation of formaldehyde by means of CaCO* (B. 39 , 
50). Glycollic aldehyde remains behind, when its solution evaporates, as a 
slightly sweet syrup; this can be distilled under reduced pressure, when it 
solidifies; on melting it undergoes condensation very easily. Bromine water 
oxidizes it to glycollic acid (p. 362), whilst it is condensed by sodium hydroxide 
solution to tetrose (q.v,), and by sodium carbonate solution to acrose (q.v.) (B. 
26 , 2552, 2984: C. 1899, II. 88; 1900, I. 285). Hydroxylamine gives rise to 
an oily oxime (C. 1900, H. 312), and phenylhydrazine and acetic acid produce 
glyoxal osazone (p. 356). 

The following deriwatiifes of glycol aldehyde have already been discussed : 


I 


CHO CH( 0 C,H 5 ), 

I I 

CH,Cl(Br,I), CHaCI(Br) 

Monochlor- (brom-, iodo-) Monochlor-(brom> 
acetaldehyde (p. 203). acet.d (p. 205). 


CHCl, 

I 


CHjOII 

Dichlorrthy! 
Alcohol (p. ii7)> 


CHCl, 

CHaCl 

1 , 2 -TricblorethaiM 
(p. 95)* 


Glycol Acetal, CH,OH.CH(O.C,H,),. b.p. 167", is obtained from bromaceUI 
(B. 6 , 10). , 
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Glycol Dimethyl Acetal, CH,OH.CH(OCH*),, b.p. 158®, is produced from 
glycol aldehyde by hydrochloric acid in methyl alcoholic solution (B. 89 | 3053). 
Ethoxyacetal, CiH50.CH,CH(0C,H5)„ b.p. 168®, is prepared from 1,2-dichlor- 
ether (p. 129), or from chlor- or brom-acctal and sodium alcoholate. Greatly 
diluted sulphuric acid or a moleculai^ proportion of water in acetone solution 
produces Ethoxy acetaldehyde, CjHjO.CHjCHO, b.p. 71-73® (B- 89 , 2644; 
C. 1905. I, 1219; 1907, I. 706). Phenoxyacetal, C,HbO.CHj.CH(OCjH|)j, 
b.p. 257® (B. as, R. 295). 

a-Hydroxypropionaldehyde, CH8CH(OH)CHO, is unknown. a^Acetoxypro* 
pionaldehyde, b.p.n is formed when a-iodopropionaldehyde and silver 

acetate react. Heated with water to 100®, acetol (Hydroxyacctone, p. i) is 
formed. It is also obtained when a-bromppropionaldchyde is heated with 
potassium formate and methyl alcohol, instead of the expected a-hydrox3rprO' 
pionaldehyde (A. 335 , 266). Dichlorisopropyl Alcohol, Cl,CHCH{OH)CHj. b.p. 
X47®, can be looked on as a derivative of a-hydroxypropionaldehyde. It is 
prepared from dichloraldehyde and CHjMgBr (B. 40 , 27). 

a-Hydroxybutyl Aldehyde, (CH8),C(OH).CHO. b.p. 137°, is prepared from 
a-Bfomotsobiiiyl Aldehyde, b.p. 113®, and water. It is an easily polymciizablc 
liquid. Sodium hydroxide solution converts it into isobutylene glycol (p. 313) and 
a‘hydroxvbutyric acid, a reaction which other aldehydes undergo (M. 21, 1x22). 

p’Hydroxypropionatdhhyde, Hydracrylic Aldehyde, HOCHg.CHgCHO. b.p.u 
90®, IS produced when acrolcdn is heated with water to 100°; semxcathazone, 
m.p. 114®, regenerates acrolein when treated with bisulphate. It easily poly¬ 
merizes. Alkali partially converts it to crotonaldchydc (A. 335 , 219). p- 
Hydroxypropionacetal, OHCHa.CHj.CH(OC2H5)8, b.p.g^ 98®, is prepared by 
prolonged boiling of dilute sodium hydroxide solution at 115® with p-Chloro- 
propionacetal, bp.jQ 74®, the addition product of acrolein acetal (p. 213) and 
HCl (B. 33 , 2700). Isotfiethylin, CH3CH(OCaHg)CH(OCjHB)j. or possibly 
CHa(OCjH5).CII(OC3H5)2, b.p.,, 81®, results when acrolein and alcohol are 
heated together at 50® for several days ; and also by the action of orthoformic 
ether on acrolein (B. 31 , 1014). 

Aldol, p-Hydroxybutyraldehyde, CHs CH(OH).CH 2 .CHO, b.p.12 
60-70°, I)o==i‘i20, was discovered by WUrlz in 1872. It is obtained 
by the condensation of acetaldehyde by means of dilute cold hydro¬ 
chloric acid, and other condensation agents, e,g. K2CO3 (B. 14, 2069 ; 
24, R. 89 ; 25, R. 732 ; M. 22, 59 ; C. 1907, 1.1400). 

Aldol freshly prepared is a colourless, odourless liquid, and is 
miscible with water. It distils under atmospheric pressure, partially 
reforming acetaldehyde, but it mainly becomes converted into croton- 
aldehyde and water. 

As an aldehyde it will reduce an ammoniacal silver nitrate solution. 
Heated with silver oxide and water it yields / 3 -hydroxybutyric acid, 
CH 3 .CH( 0 H).CH 2 .C 02 H. 

After prolonged standing aldol polymerizes, becoming viscous, sometimes 
depositing crystals of Paraldol, (C4H,0,),, m.p. 80-90® (M. 21 , 80). If, during 
the preparation of aldol, the mixture of aldehyde and hydrochloric acid be left 
undisturbed, the aldol condenses with loss of water to Dialdan, C8H,40t, m.p. 
139®. a crystalline body which reduces ammoniacal silver solution. Tetraldan, 
CjgHigOg, is formed simultaneous with dialdan, and docs not reduce silver from 
its ammoniacal solution (C. 1900, II. 838). Diethyl Acetal of B-Ethoxybutyric 
Aldehyde, CH,.CH{OCjH4)CHa.CH(OC,H4)t, b.p.i4 73® (B. 31 , 1014). 

The aldol condensation is characteristic for this class of substance and occurs 
among the higher members of the series when a free hydrogen atom exists next to 
the aldehyde group. Thus, a series of )8-hydroxyaldehydes or aidols can be 
prepared. A mixture of two aldehydes yields mixed aidols. The condensing 
agent mostly employed is potassium carbonate: 

2 CH..CH,CH 0 = CH,CH,CH(OH)CH(CHa)CHO 
CH* 0 +(CH,),CHCHO « CHg(OH)C(CH,),CHO. 
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Like aldol itself, the homologous aldols are easily converted into a,j 9 -olefine 
aldehydes when a hydrogen atom in the a-position is free, and are stable bodies. 
If, however, there is no a-hydrogen atom present, some members decompose 
more easily than aldol into the simple aldehyde. Aldols from isobutyric aldehyde 
are further acted on by hot alkali during reaction and are transformed into the 
corresponding glycols and isobutyric acid (p. 308) {Lieben, M. 22 , 289), 

Formisobutytic Aldol, CHj(OH).C(CHj)j.CHO, m.p. l^*P'ii 85** is converted 

into fl-dimethyl trimethylenc glycol (p. 314) and a-dimethyl fl-hydroxypropionic 
acid by the action of alkalis. Acetoproptontc Aldol, CHj.CH(OH).CH(CHg)CHO, 
b.p.,o 92 ®. Proptontc Aldol, h,p „g^°. Isobutyric Aldol, h.p.if i04°~iog°. Iso- 
butyric Isovaleric Aldol is decomposed by heat into its component parts. For 
other aldols, see C. 1904, I. 199; II. 1599; vapour pressure of the aldols, see 
M. 21 , 80. 


NITROGEN-CONTAINING DERIVATIVES OF THE ALDEHYDE-ALCOHOLS 


Nitroaldehydes. 

Nltroaoetaldehyde, NOaCHaCHO, has not yet been isolated. Methaxonic Acid, 
formulated otherwise on p. ^51, can piobably be looked on as being its oxime. 
It is prepared from two molecules of aci>nitrom ethane Uy a kind of aldol con¬ 
densation (see formation of glycol aldehyde from formaldehyde, p. 337) accom¬ 
panied by loss of water : 

HO,N:CH,+CH*;NO,H->-[HO,N:CH.CHj,NO,H]->-HOsN:CH.CHNOH: 

ad-Nitrometbane. Intermediate product. Metbasoolc Acid. 


Phenylhydra/ine and aniline yield respectively the Hydrazone, NO|CHj- 
CHiNiNIICgHj, m.p. 74®, and the Anilide, NOaCH,CH:NC,Hj, m.p. 95® (B, 
40 , S 435 )- 

It IS justifiable, on systematic grounds, to include in this section the aldol- 
like condensation products of aldehydes with potassium dinitromethane (p. X54): 


CH,0 -f-CH(NOa):NOOH CHj(OH).C(NOa):NO,H. 

aci-Dinitrometbane. aci-Duutro>ethyl Alcohol. 


The resulting potassium salts form yellow crystals, which, as such or in aqueous 
solution, decompose into their components on being heated. The free acids are 
strongly acid, easily decomposable oils Similar condensation products, «.g. 
a-Dinitro-alkylamines, arc also obtained from the aldehyde-ammonias or amino- 
compounds and dinitromethane: 

CH,CH(NH,) 0 H- 1 -CH,(NO,),- > CH,.CH(NH,)CH(NO,)* 

a*Dimlro ^■a^unopropaIle. 

(CH,).NCH,OH-t-CH,(NO.)i-(CH,) 3 N.CH,.rH(NO,).. 

a-DioitrO’^-dimcthyl Aminoetbane. 

These bodies arc more stable, probably on account of their forming cyclic 
internal salts (comp. p. 327) between the acid nitro- and the amino-groups 
(B. 38 , 2031, 2040). Finally, formaldehyde and acetaldehyde unite with 
nitrobromomethane (p. 429) to form, respectively, a-Nitrobromethyl Alcohol, 
NOj.CHBr.CHjOH, b,p.4, I47*‘» and a-Nitro-bromisopropyl Alcohol, NOjCHBr.- 
CH(OH)CH,. b.p.44 149° (C. 1899, I. 179)* 

Aldehyde-Ammonias. —Ammonia gas converts aldol in ethereal solution into 
aldol-ammonia, CiHgOj.NHa, a thick syrup, soluble in water. When heated 
with ammonia the bases, CgHuNOi, CgHigNO, oxytetrMine (p. 215), and 
C4H3N(CHa)„ are formed. With aniline aldol forms methyl qmnoline, 
(Comp alkylidene anilines.) 

Amldoaldehydes: Amlnoacetaldebyde, [Ethanalamine^, fa-Amino-ethanal], 
NHj CHjCHO, is obtained as a deliquescent hydrochlifride when aminoacetal, 
NHj.CHa(OC4H5)4, b.p. 163®, is treated with cold, concentrated hydrochloric 
acid. Aminoacctal is produced when chloracetal is treated with ammonia 
(B. ^ 5 , 2355 ; 27 , 3093). Aminoacctaldehyde is also obiamed from alkylamino 
by the splitting acrion of ozone (comp. p. 84, etc.) (B. 87 , 012): 

€H»:CH.CH,NH, CH, 0 +OCH.CH,.NH,. 
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Aminoacetaldehyde yields pyraiine, 2207), when 

it is oxidized with mercuric chloride. On Dialkyl aminoacetals and the Dialkyl 
aminoacetaldehydes and trialkyl ammonium salts, see B. 80 ,1504. 

Hydraxine Acetaldehyde ( B. 27 , 2303) . 

Betaine Aldehyde, (CH3)jN'.CHgCHO(OH) (?) (B. 27 , 165), is diiierent from 
Muscarine (p. 329), which occurs in fly agaric {Agaricus muscarius). 

Isomuscarine, HO.CHjCH(OH)N(CHs),OH (?), is obtained from the addition 
product of HCIO and neurine (p. 329) with silver oxide (A. 267 , 532, 291). 

a-Aminopropionaldehyde, CH3CH(NHt)CHO. is obtained by the action of 
ozone on a-styryl ethylamihe (B. 37 , 615). 

p-Aminopropionaldehyde, NHjCH,.CHa.CHO, is obtained as a salt by the 
breaking down of its acetal, NH3CH3.CH,CH(OC,H,)„ b.p.n 80®, which, in 
turn, is produced from ^-chloropropionic acetal (p. 338), by digestion with 
alcoholic ammonia. At the same time there is formed Iminodipropionic Acetal, 
HN[CHjCHjCH(OCjHj)j]a, b.p.jj 157®, which on hydrolysis yields iminodi¬ 
propionic aldehyde, a substance which undergoes ring-condensation to form 
p^Tetrahydfopyftdine Aldehyde (B. 38 , 4162): 


CH3.CH3CHO 


NH CHVC.CHO 

> I II 


y-Aminobutyric Acetal, NHj.CH,CHj.CH,CH(OC,H,)j, b.p. 196“, results 
from the reduction of ) 5 -cyanopropionic acetal by sodium and alcohol. Its 
Benzene sulpho derivatives condense spontaneously forming ix-BenMenc sulpho-a- 
ethoxy pyrrolidine, which is reduced to Pyrrolidine by sodium and amyl alcohol 

(B. 88, 4157): 

CgHj.SOa-NH.CHj, 

>CH,-^ 

(C,H, 0 ),CH,CH/ 


CgHgSOjN.CHjv 

CjHjO.CH.CH/ 


CH, 


HN.Clf, 


'\rH 


HjC.CH,/ 

^‘Aminaealeric Aldehyde, NIIaGHjCKjCIIgCHaCHO, and its homologues 
were thought to have been produced by the oxidation of piperiduu* (p. 336 
and Vol. II.) with HjO^; but this is now known to be Piperidine Oxide, 




3. KETONE-ALCOHOLS OR KETOLS 

The ketone alcohols or kelols are distinguished, according to the 
position of the alcohol or ketone groups, as a- or 1,2-, j 3 - or 1,3-, y- or 
1.4-kf tols. etc. The position of these two groups, with reference to 
each other, influences the chemical character of these bt^dies more 
than the type of alcohol group (whether pritnary, secondary, or 
tertiary). These alcohols show simultaneously the character of 
alcohols and of ketones. 

A. SATURATED KETOLS 

a- or i,2-Ketol5 shbw tendencies to desmotropic transformations. Many of 
their modes of formation and reactions' point to the isomeric forms of the Olefine 
glycols (p. 315) or Hydroxyctkylene oxides. Acetal (p. 341) undergoes certain 
easily followed changes which permit of a decision being made as to which of 
the following four formulie are to be assigned to it;— 

CH,CO.CH,OH CH,C(OH);C(OH)H €H,CH(OH)CHO. 
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The di-acylates of the olefine glycols (p. 315) yield ketone-alcohols on 
hydrolysis, and some of the sodium compounds of these reproduce olefine glycol 
diacylates by reaction with acyl chlorides. 

Phenylhydrazine and the a-ketone aldehydes yield, by oxidation, osazones 
of i,2-al(lehyde ketones or 1,2-diketones (comp, the Dextroses). 

Aeetyl Carblnol, Pyroracetnic Alcohol, Acetone Alcohol, Acetol, Hydroxyacetone, 
[Propanolone], CHgCOCHjOH, b.p. 145-146“, b.p.^g 54“, is obtained : 

(1) From chlor- or bromacctont*; or best by heating potassium formate 
and methyl alcohol, when the first formed acetyl formate is alcoholyzed by the 
methyl alcohol. 

(2) A remarkable mode of formation is from a-bromopropionic aldehyde or 
a-acetoxypropionic aldehyde (see pp. 338, 340) (A. 335 » 247). 

(3) From propylene glycol and the Sorbose bacterium, or by careful oxidation 
with bromine water (C. 1899, II. 475 ; 1900, I. 280). 

(4) If glycerol vapour is passed over pumice-stone at 430-450® some acetol 
is formed. 

(5) When sucrose or dextrose is fused with potassium hydroxide, acetol 
results (B. 16 , 834). 

Acetol reacts acid (comp, formula, p. 340) (C. 1905, II. 29). Reduction with 
aluminium amalgam yields propylene glycol (p. 313) and acetone (C. 1903, I. 
132). Acetol shows a strong reducing action, and when oxidized by the oxides of 
Cu. Hg, Fe is converted into lactic acid, with the probabJiC'intermediate formation 
of pyroracemic aldehyde : 

O HaO 

CHjCO.CHaOH-^ [CHjCO.CHO]- > CH8CH(OH)COOH. 

Permanganate, chromic acid, and the like, oxidize acetol into acetic and 
formic acids (C. 1905, I. 19)- 

Methyl alcohol containing a trace ot hydrochloric or acetic acid converts 

^ /■'Tj (‘'M Of'H 

acetol into Bi’>-atetol Methyl Alcholate, CH 

b.p. 196°. Acetol Ether /ifAcr, CHjCOCHj.O.CjHj, b.p. 128°, is prepared from 
propargyl ethyl ether (p. 120), or synthetically, from ethoxyacetonitrile, 
CjHsOCHaCN and methyl magnesium iodide. Similar homologous eihoxymeihyl 
alkyl ketones (C. 1907, I. 872) may be obtained. On the formation of such 
ketones from halogen acctoacetio esters, see B. 21 , 2648. Acetol Formate, 
HCOO.rn./"OCHa, b.p. 169“, and higher esters, see C. 1905, II. 754. Chlor-, 
Brom-, Totlo-acetone (p. 224) arc the haloid esters of acetyl carbinol. 

Proplonyl Carbinol, Ethyl Keiol, CHjCHjCO.CHjOIl, b.p. 160®, is obtain^ 
from chioroinethyl ethyl ketone, ClCHiCOCHgCHs; also from tetnnic acid 
(q.v,) by the loss of COj on boiling with water. It is oxidized by Fehhng*$ solu¬ 
tion to a-hydroxybutyric acid (C. 1905, II. 116). 

The secondary a-ketone alcohols are obtained by the two following general 
methods:— 

(1) The esters of the fatty acids in ethereal or benzene solution and in the 
presence of sodium yield acylo'ins (comp. Benzoin, Vol. II.) through the union 
of the two acyl radicals (C. 190b. II- m3): 

2R.COOCjHB-|-4Na —> 2NaOC,Hj-i-[R.C(ONa):C(ONa)R] —^ RCO.CH(OH)R. 

(2) Acylatcs, produced by the action of sodium on the acid chlorides of the 
olefine glycols (p. 315) yield acyloins on hydrolysis ; 

H|0 

4RCOC14-4Na-2NaCl-fRC(OR):C(OR).R- >■ R.COCH(On)R. 

Acetyl Methyl Carbinol, Dimethyl Ketol, Acetoin, [2,3-Butanoaal], CHaCH- 
(OH)COCHa, b.p. 148®, is produced in small quantities from acetic ester in 
ethereal benzene solution by means of sodium. Also, from methyl chlorethyl 
ketone, CHjCOCHClCHa; from jSy-butylene glycol fjp. 313) by the action of 
the Sorbose bacterium or Mycoderma aceti ; and from Various carbohydrates by 
the Bacillus tartricus (C. 1901, I. 878; 1905, II. 117; 1906, II. 1113)- , It is 
prepared from diacetyl (p. ^49) by reduction with zinc and sulphuric acid (B. 
40 , 4338). Acetyl Ethyl Carbinol, CHaCO.CH(OH)CaH*. b.p.„ 77 ^ « similarly 
obtained from acetyl propionyl (B. 23 ,2425). The sodium compound of dimethyl 
ketol (acetola) (obtamed from acetic ester) when treated with acetyl chloride^ 
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3rields the DiacetaU of the Olefine Glycol, CH,C(OCOCH,);C(OCOCH«)CHg, 
b.p.^/110-115^ (C. Z906, II. 1113). Dimethyl Ketol polymerizes spontaneously 
to a dimer (C4H,P,)„ m.p. 95® (B. 40 , 4336). 

According to the above methods, i and 2, the following compounds can also 
be prepared: Propionoin, C2H5COCH(OH)CaH5, b.p.^j, 73®. Butyro'in, b.p.i® 85®. 
Isobutyroin, b.p.^, 83®. Valeroin, b.p.], 156®. Pivaloin, (CHs)3CCO.CH(OH)- 
C(CH,),, m.p. 81®, b.p.,„ 80®. Capronoin, b.p., 131®. These keto-alcohols are 
reduced by sodium and alcohol partially to the glycols and partially to secondary 
alcohols. Heated wUh finely divided copper they vield a-diketones; con¬ 
centrated potassium hydroxide solution with atmospheric oxygen converts 
them parti^ly to tertiary alcohol acids (comp, the Benzylic acid transformation^ 
VoL II.) (C. 1906. II. 1114 ; B. 81 ,1217). 

B- or 1,3-Ketols. 

When the aldol condensation (p. 338) is carried out with aldehyde or chloral 
and acetone, methyl ethyl ketone and methyl isopropyl ketone by means of 
potassium cyanide, the following compounds result (B. 25 , 3165 ; C. 
1897, I. ioi8 ; 1905, 11 . 752): Hydracetal Acetone, h-Hydroxy-fi-Ketopentane, 
CH,CH(OH)COCH„ b.p. 176®. Chloral Acetone, CCl8CH(OH)CH,COCH„ 
ni'P- 75 ®* Hydracetyl Ethyl Methyl Ketone, Methyl-3-pentane-2-on-4-ol, CH*- 
CH(0H)CH(('H3)C0CH3, b.p. 187®. Hydracetyl Isopropyl Methyl Ketone, Di- 
methyl-3-pentane-on-2-/d-4, CH3CH{OH)C(CH,),CCX^H3, b.p.jQ 80®, gives on 
oxidation meso-dimethyr acetyl acetone (p. 351;. 

Diacetone Alcohol, (CH,)aC(OH)CH3COCH3. b.p. 164®, is obtained from 
diacetonamine (p. 230) and nitrous acid ; also when two molecules of acetone 
are condensed by concentrated sodium hydroxide solution at o®. Heat reverses 
this reaction and the alkali breaks up the compound into acetone (Z. phys. Ch., 
88, 1129 ; C. 1902, II. 1096). Loss of water changes these fi- or 1,3-ketols into 
unsaturated ketones (p. 228); e.g. diacetone alcohol is converted into mesityl 
oxide. Mesityl Oxide Sesquimercaptol, (CH3)3C{SC2H5)CIIa can 

be looked on as being a derivative of diacetone alcohol. It is prepared from 
mesityl oxide, mercaptan, and HCl, and is an oil. Oxidation changes it into 
Tfisulphone, (CIl3)2C(S02CaHs).CH2.C(S02CaH,)8CIl3, m.p. 100° (B. 34 , 1398). 
A series of further derivatives of diacetone alcohol, such as Diacetone HydroxyU 
amine, fi-Nitroso- and p-Nitro-isopropyl Acetone have been dealt with (p. 231) 
in connection with mesityl oxide. 

The haloid esters of the fi-ketoles are the / 3 -halogcn ketones (p. 225), of 
which mention may here be made of fi-Chlorethyl Ethyl Ketone, b.p.33 08®, 
Chlorethyl Isopropyl Ketone, b.p.,3 7^®; and fi-Chlorethyl Isobutyl Ketone, bp.13 
80®, having the general formula CICHjCHbCOR, which are prepared from 
) 3 -chloropropionyl chloride and zinc alkyls. 


y- or 1,4-Ketols and 8- or 1,5-Ketols. 

Representatives of these are obtained from the products of reaction of 
ethylene bromide and trimethylene bromide on sodium acctoacetic ester, by 
boiling with hydrochloric acid (B. 19 , 2844 ; 21 , 2647 ; 22 , 1x9b, R. 572): 


CO3C3H3 2H3O 

I -^ 

CHs.CO.CH.CHjCHjBr 

Brometbyl Acetoacetic Ester. 


CO3C3H3 2H3O 

I -^ 

CH,.CO.CH.CH3rHaCH3Br 

Brompropyl Acetoacetic Ester. 


CO.-hCtHsOH 

CHsCO.CHjCII.CHjOH-fHBr 

Acetopropyl Alcohol. 

COg-hCaHsOH 

CH3CO.CH jCHgCH gCH gOH-f-HBr. 
Acetobutyl Alcohol. 


(1) y^Acetopropyl Alcohol, CH3.CO.CHgCHtCHaOH, b.p. 208®, with decom¬ 
position (C. 1903. II. 5.51). 

(2) B-Acetobutyl Alcohol, CHi.CO.CHgCHjCHgCHgOH, decomposes about 
*55 ‘ 

These compounds when heated give ofl water and become converted into 
the oxides of unsaturated glycols (below). Both ketone alcohols fail to reduce 
an ammoniacal copper solution, but when oxidized with chromic acid yield the 
corresponding carboxylic acids : lecvulinic acid {q.v.) and y-acetohutyric acid (^.w.). 
They yield thecQrrespo ding g\ycoi^, y-pentamethylene glycol B-hexamethylene 
glvcol, when reduced, y Methyl y-acetobtUyl alcohol (B. 6 z). Hydrobromic acid 
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converts them into bromopropyl methyl ketone^ CHsCO.CH|CHaCH|Br, and 
bromobutyl methyl ketone, CHg.CO CH,CH,CHsCHtBr» b.p. 216°* These bromides 
are converted by ammonia into ring-shaped iimdes (B 25 , 2190), sinular to the 
y-diketones (p 35 x) This reaction links the open, ahphatic compounds with 
the pyrrole and pyridine derivatives ; 


CH, CH, _CH,CH,OH 

in c (CH,r cHi CO cir, 

Methyl Dibydrofurfurane, 

CH, CH, _CH, CH, CHjOH 

^H.CCCH.r^ in, CO CH, 

Methyl Dihydropyrane. 


CH, CH,Br 
in, CO CH3 


ra, CH.CH, 

'^CHC(C H,) 

Methyl Dihydropyrrole 



CH CH, CH,UrNH, ( H, ( H, CH, 
^ in, CO CH, CH.L(CH^H 

TetrahydropicoUne. 


B Olefine Ketols. 

Methoxymesityl Oxide, (CH,),C.C(OCH,)COCH5, bp x68®, and Acetoxy~ 
mesityl Oxide, (CH,),C:C(OCOCH,) COCH,, bp,, 74“, are derived from an 
olefine a~ketol, and are prepared from bromomesityl oxide Hydrolysis produces 
acetoxymcsityl oxide and acetyl isobutyryl respectively (p, 349) (B 33 , 500). 


HYDROXYMETHYLENE KKTOt^KS 


Compounds of this class arc obtained fiom the ketones R CO CH, and 
R CO ( H,R' and formic cst( i m the presence of sodium ethoxide, accompanied 
by the loss of alcohol. 


I-CII3COCH, 


C,H,ONa 

—^ CH,COCH-=CHONa+C,H,OH. 


The St substanc es were at lirst thought to be ^-keto-aldchydes However, their 
pronounced and charactci has shown that lh( y should be regarded as hydroxy- 
methyhnc ketones, acyl vinyl al< ohols B 20 , 2x91, 21 , R 9x5 1 22 , 

533 » 3273 , 25 , 178) Accorduig to the later nomenclature these compounds 
can be described as act-aldchyde Ketones or aci-formyl ketones (comp p. 40). 
They dissolve m alkali carbonate solutions forming stable salts, and give green 
colouitd piecipitates with copper acetate (B 22 , 1018) Acetic anhydride and 
benzoyl chloride converts them m a free state as readily as the phenols into 
neutral acetates and benzoates insoluble m alkalis Their alkali derivatives 
and ethyl iodide yield ethoxymithylene ketone, which is saponified by alcoholic 
alkalis, like the ethers of organic carboxylic acids These compounds. —CO CH 

-CH OH, arc the fkst exceptions to the rule of Etlenmeyer (p 37). according 
to whith the complex >C—CHOH present in open chains must invariably 
become rearranged into the aldi hyde form ^CH CHO It is shown, on the con¬ 
trary, that when a hydrogen atom of the methyl or methylene group in acetalde¬ 
hyde or its homologues, R CH, CHO, is replaced by an acid radical, a rearrange¬ 
ment of the aldehyde form into the vinyl alcohol form is sure to follow (B 
1781) 

In conjunction with this explanation it may be mentioned that the alkoxy- • 
methylene group —eg C,H,OCH-^—may be introduced by means of ortho- 
formic ester and acetic anhydride into compounds which contain the atomic 
groupmg, —CO CH, CO— (B 26 , 2729), e g. into acetyl acetone, acetoacetic 
ester and malonic ester. Ihc compounds which result will be described sub¬ 
sequently in their proper places 

Hydroxymethyhne Acetone, nci-Formyl Acetone, ejoi-Aceioacctic Aldehyde, 
CH3COCH=!CH0H, bp about too®, readily condenses m solution to [i 3 5]- 
Triacetyl Benzene, C3H3[i 3 5-](CO CH,), {q v ) Hydrazine converts it into 
3-methyl pyrazole, and phenylhydrazine into i-phen^ 3-mcthyl p\rafole (yv.). 
Hydroxymethylene Diethyl Ketone, C,H,CO C(CHj)=CtaOH, mp fo®. bp 164^ 
166® o.c\-Diethyl Acetyl Acetaldehyde, (C,H3),CHCOClI. CHOH, bp I74*. 
aci-Tnmethyl Acetyl Acetaldehyde, (CH,)3CCOCH : CHOH, bp 148®. aci-Iso- 
valeryl Acetaldehyde, (CH,),CH CH,COCH : CHOH b p 1* 52*" aci-/soca/>royl 
Acetaldehyde, CgHuCOCH • CHOH, cannot be distilled without decomposition 
even %n vacuo (C. 1905. II 393). 
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NITROPEN-CONTAINING DERIVATIVES OF THE KETONE-ALCOHOLS 

As in the case of the simple ketones, the ketone>alcohols can frequently be 
characterized through their semicarbazoneSt oximes, and pkenylhydraxones (comp, 
pp. 227, 228). It has, however, already been pointed out that the a-ketols, 
combining with phenylhydrazine, easily yield the osazones of the a-diketones. 
The ) 3 -hydroxymethylenc ketones react with hydroxylamine and hydrazine, as 
do the p-diketoncs (p. 350); forming the cyclic compounds isoxazoles and 
pyrazoles. 

Those derivatives of the ketone-alcohols, in which the alcoholic group has 
been replaced by a nitrogen group, have been most conveniently collected into the 
following series of compounds. 


lA. NITRO-KETONES 

Nltroacetone, CHaCOCHs.NOi, b.p. 152°, is prepared by oxidation of 
nitroisopropyl alcohol (B. 32 , 865). An apparently isomeric nitroacctone, m.p. 
49“, is obtained from iodo-acetone and silver nitrate (B. 32 , 3179); both substances 
are acid in character. Aniline reacts with nitroacetonc (m.p. 49^) forming 
Nitroacctone Amt, CHaC^CjHj CHjNOj, m.p. 87®, which can also be obtained 
from nitnlomesityl dioxime peroxide (p. 231) and aniline acetate (A. 319 , 230). 
On nitroisopropyl acetone, see p. 231. 

iB. Mesohalogen Nitro-alcohols, see p. 151. 

2,2-Chloromtropropanol, CH,CCl(NOj)CHj|OH, m.p. 13®, b.p.44 115®, is 
prepared from i,i-chloronitroethane and formaldehyde. 2,2-Bromomtropro- 
panol, CH,.CBr(N04)CHj0H, m.p. 42®. 2,2-Chloromtrobutanol, CUjClljCCl- 
(NO,)CHaOH, b.p. 145-150® (C. 1897, II, 338; 1898 I. 194). Trinitrotrimethyl 
Propane, (CHj)aC(NOj|)C(NOa)aCH4CHj, m.p. 95°, is obtained from trimethyl 
propane and nitric acid (B. 32 , 1443). 

(zA.) Aminoketones of the saturated series are produced from the chlori¬ 
nated ketones by the action of ammonia or amines, from the olchne ketones by 
addition of ammonia and amines (mainly p-aminoketones), and from the iso- 
nitrosoketones by reduction with zinc chloride (a-aminoketones) ( 13 . 30 , 15151 
32 , 1095). 

Amlnoaeetone, CHaCOCEsNII^. is formed by the reduction of isonitroso 
acetone and of nitroacctone (m.p. 49®). Further, by the breaking up of phthal- 
imidoaceione (prepared from potassium phthalimide and chloracetone), a salt of 
aminoacetone is obtained from which alkali liberates, not the simple base, but one 
of the formula C4H10N3, accompanied by the elimination of water. By boiling with 
water, the substance is converted into aminoacetone hydrophloridc (B. 38 , 752). 

Amlnomethy] Ethyl Ketone, NHg.CHgCOCHsCH,, is obtained from its 
phthalyl derivative (B. 37 , 2474). Aminopropyl Methyl Ketone, CH3COCII- 
(NH3)C,H3. is an oil which solidifies to a crystalline mass, Aminomethyl Iso- 
^opyl Ketone, (CH3)jCHCOCH2NH| (B. 32 , 1201). By oxidation with mercuric 
chloride, for instance, these compounds yield a pyrazine derivative, e.g. amino¬ 
acetone is converted to Dimethyl Pyrazine (®* 27 , R. 928), 

The pyrazint s, ketines, or aldines are described among the heterocyclic compounds 
in Vol. II. The hydrochlorides of the a-aminoketoncs easily react with potassium 
cyanate forming imidazoles (Vol. II.), whilst potassium thiocyanate forms 
imidazolyl mercaptans (Vol. II.) (B. 27 ,1042, 2036). 

Amlnosulphonal, Aminoacetone Diethyl Sulphone, CH3C(S03C3H|)3CH2NH3, 
m.p. 94®, results from the action of hydrochloric acid on phthalimidosulphonal, 
the oxidation product of phthalimidoacetone ethyl mercaptol. This, in turn, is 
prepared from acetonyl phthalimide ethyl mercaptan and hydrochloric acid 
(B. 32 , 2749). . 

Dialkyl Amlnoketoner are produced to a considerable extent from chlor¬ 
acetone and secondary amines. Dimethyl Aminoacetone, (CH3)3N.CH3COCHa. 
b.p, 123®. Diethyl Aminoacetone, b.p. 153® (B. 29 , 866). Trimethyl Acetonyl 
Ammonium Chloride, Coprin, (CH,)3N(CH,COCH3)Cl, is produced from mono- 
chJoracetone and trimethylamine. Its physiological action is similar to that of 
curare (C. 1898, II. 63z}. 
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3B. Olefine )3-Amlnoketones are prepared from acetyl acetone (p. 350) 
by the action of ammonia, primary and secondary alkylamines (B. 26 , R. 295). 
Acetyl Acetonumine, CH3CO.CH=C(NHj)CH,, m.p. 43®, b.p. 209®. Acetyl 
Acetone Ethylamine, CH3CO.CH=C(NHC3Hj)CHj, b.p. 210-215®. Acetyl Acetone 
Diethylamine, CH3CO.CH —C[N{C2H5)J.CHa, b.p.t4 

3. Hydroxylaminoketones, see Diacetone llydroxylamine (p. 231). 

4. a-Halogen Ketoxlmes are formed by the action of Jiydroxylamine on 
monohalogjn acetone (p. 224). Chloracetoxime, CHjCl.C : N(OH).CH,, b.p. 71®. 

Bromacetoxime, m p. 36®. lodo-acetoxime, m.p. 64® (B. 29 , 1550)- 

5. Ketoxlme Amines. 

Tviacetonylamine Trioxime, N(CHg.C: N.OH.CH3)3, m.p. 184®, is prepared 
from cldoracetoxime and ammonia (B. 31 , 239b). ^ 

6. Niirosoketones, see Nitrosoisopropyl Acetone (p. 231). 

7. Alkylene Nitrosochlorldes are prepared by the inter-action of amyl nitrite 
and hydrochloric acid (comp. p. 327); Alkylene Nitrosltes from amyl nitrite 
and nitric acid ; Alkylene Nitrosates from nitrogen trioxide and dioxide and 
alkylencs of the type RjC: CHR. They are nitrogen derivatives of the 
a-k^loles (A. 241 , 2S8 ; 248 , 161 ; B. 20 , R. 638 ; 21 , R. 622 ; C. 1899, II. 17C). 
^-Isoamylene (Trimethyl Ethylene) is primarily converted by N^Os into a true 
mtroso- compound (comp. 152), a liquid showing the characteristic blue colour. 
On istanding it polymerizes spontaneously to a white crysj^allinc substance, m.p. 
7(>®, which is depolymerized on melting. Alkalis partially convert the nitrositc 
into the isomeric isonitroso- compound, m.p. 126®, with some decomposition: 

(CH,)2C N.o, (CHsjjCONO- > (CH,),C.ONO 

II -——— I —^Bistrimetbyl->- | 

ClIjCH CHjCHNO Ethylene Nitrcite. CH,.C:NOH 

Similarly, trimethyl ethylene and N,04 yield a mtrosate, (CH,),C(ONOi)- 
CH(NO)CHa, a blue liquid, spontaneously polymerizing to Bis-trimethyl Ethylene 
Nitrosate, m.p. consisting of white crystals, which on being warmed in 
solution become- both dc-polymerized and converted into the isomeric isonitroso 
compound (B. 35 , 2^2^). Treatment with amines causes a replacement of the 
O.NOa group foi NHU, whereby the niirolamines are formed, which pass into 
keto-amines: 

(CHajaCO.NOa C3H3NH, (CHsl.C.NHC.H, H,0 CHj.C.NHCaH, 

I -I -^ I 

ClIaClINU CiljCHNO CHjCO. 


Tlie —ONOj group of the amylcne nitrosate can be exchanged for CN by the 
action of potassium cyanide, the resulting nitrile being convertible into the 
oxime, m p. 97®. Tliis hotly decomposes into CO, and methyl isopropyl ketoxime, 
whcrt'by its constitution is indicated : 


(CHjj.CONO, 

I 

CH:,CNOIl 

/S'lsoamylene 

Kitiosatc. 



(CII.lsC.CN 

CHsCNOn 

Isoamylenc 

Isonitioso- 

Cyanide. 


(CHa)3C.CO,H 

CHs.CNOH 
Ketoxime 
Dimethyl 
Acetoacetic Acid. 


> 


CH,CNOH 

Methyl 

Dopropyl 

Ketoxime. 


Trimethyl Ethylene Nitrosochloride, (Cfl8)jCCl.C(NO)HCHj, and Tritnethyl 
Ethylene Nitrosobromide, (CHg)a.CBrC(NO)HCH3, behave similarly to the 
nitrosites and nitrosates. They are prepared by the action of IICl and HBr 
respectively on a mixture of amyl nitrite and trimethyl ethylene. They easily 
polymerize to their colourless dimers, which pass on meltmg to the blue form. 
Prolonged Jicating converts them by isomerization into true colourles.s halogen 
ketoximes, (CH3),CCl.C(NOH)CH„ m.p. 50®, and (CH,)aCBr.CI(NOH)CH„ 
m.p. 79® (B. 37 , 532). 

Dimethyl Ethyl Ethylene Nitrosochloride, (CHa)3CCl.C(NOH)C|Hg, m.p. 78®, 
Diethyl Methyl Ethylene Nitrosate, (CtH5),C(0N03),C(N0H)CH„ m.p. 81® with 
decomposition. 

The nitrosate and nitrositc reactions assume some importance among the 
terpenes (VoL 11 .). 
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4. DIALDEHYDES 


The dialdehydes, ketone aldehydes, and diketones constitute a 
closely united series of compounds, connected together by many 
characteristics. They are subdivided according to the position of 
the two CO groups relatively to each other : a- or 1,2-, jS- or 1,3, y- 
or 1,4, 8- or 1,5, diketo-compounds, of which the cliaracteristic re¬ 
actions will be described amongst the diketones (pp. 348, 355). 

Glyoxal, Oxaldehyde Diformyl [Ethane-dial], CHO.CHO, m.p. about 
15®, b.p. 31®, D2 o==I'I 4> was discovered by Debus in 1856. It is the 
dialdehyde of ethylerfe glycol and of oxalic acid, whilst glycolyl 
aldehyde (p. 339) represents the first or half aldehyde of ethylene 
glycol and the aldehyde of glycollic acid: 

ClIjiOH CH.OH 


CHO 


I 

CH.OH 

Glycol. 


<!, 


:ho 

Glycolyl Aldehyde. 


CHO 

GlyoxaL 


Glyoxal, glycollip acid and glyoxylic acid«are formed by the careful 
oxidation of ethylene glycol, ethyl alcohol (B. 14 ,2685 ; 17 , R. 168), or 
acetaldehyde with nitric acid. It can also be formed from dihydroxy- 
tartaric acid by the interaction of its sodium salt and sodium bisulphite 
(B. 24 , 3235): 


It may also be prepared from the breaking down of a^-olefine aldehydes (p. 84) 
byozone, asinthecaseof heatingcinnamicaldehydeozomdc (secVol.ll.) with water. 

By this means a trimeric glyoxal (CHO.CHO), is obtained, whilst the other 
methods result in the production of a polymeric paraglyoxal, (CHO.CliO)n when 
the aqueous solution of glyoxal is evaporated. This amorphous powder melts 
with difl&culty. When heated with P, 0 , it is converted into the monomolecular 
glyoxal, in the form of golden yellow crystals and a yellow green vapour, with 
the pungent odour of formaldehyde. It dissolves in non-aqueous solvents to a 
yellow solution. The colours are characteristic, since all bodies which contain the 
a~dtketo-group—CO.CO~-possess a more or less strongly developed colour, usually 
yellow to orange. In a smaU quantity of water glyoxal polymen zes to paraglyoxal; 
in more water, it dissolves with a generation of heat to the monomolecular 
colourless hydrate, HCO.CH(OH), or (HO)jCH.CH(On)s. The aqueous solutions 
of the various modihcations all give the same reactions, except with FehHng*s 
solution, which is reduced only by the trimeric glyoxal (fiatnes, B. 40 , 165). 

Reactions .—The alkalis convert it, even in the cold, into glycollic acid. In 
this change the one CHO group is reduced, whilst the other is oxidized (comp. 
Benzil and Benzilic Acid, Vol. II.) : 

CHO CH.OH 

I +H.O« I 
CHO COH 

It reduces ammoniacal silver solution with the formation of a mirror, and unites 
with two molecules of sodium hydrogen sulphite to form a crystalline glyoxal 
sodium sulphite, CtH,Oa(SOaHNa)s-hHgO. Ethyl alcohol and a little HCl 
give rise to Glyoxal Tetraethyl Acetal, (C*H, 0 )|CH.CH( 0 C,Hs)j|, b.p.j* 89® (B. 
40, 171)- Similarly, glyoxal and glycol form Glyoxal Dieihylene Acetal, 
C1H4 : O*CH.CH 0 ,: Call*, m.p. 134® (B. 28 , R. 321)- 

Glyoxal bisulphite reacts completely with primary and secondary bases to 
form glycocolls or indole sulphonic acids (Vol. II.) according to the amino- base 
employed (B, 27 , 3238). 

The action of concentrated ammonia on glyoxal results in the formation of 
two bases, glycosine, 

CH—NH NH—CH CH—NH 

The latter, which pr^nderates, is formed still more completely from glyoxal, 
two molecnles of NHg and fonnaldehyde, and is the parent anbstance of the 
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glyonalines {o:ralines) or im^asoles {pytto [b] moHOMoles) (see Vdl. II.). Behaviour 
towards o-phenylene diamine, comp. a-Diketones, p. 34^' 

Ring-forming ReacHons. —Just as tormaldehyde unites with hydrocyanic acid 
to form the nitrile of glycollic acid, and acetaldehyde the nitrile of lactic acid, so 
glyoxal combines to form the nitrile of tartaric acid. On the condensation of 
glyoxal with malonic ester and acctoacctic ester, see B. 21 » R. 636. 

Glyoxlme (see p. 354), Glyoxal Osazone (see p. 356). Urea combines with 
glyoxal to form glycolunl [q^v.), a diureide. 

Acetaldehyde Disulphonlo Acid, CHO.CH(SO,H)|, can be considered as being a 
derivative of glyoxal. It is prepared (i) in the form of its bisulphite compound, 
when chloral is warmed with potassium sulphite ; (2) by the saturation of fuming 
sulphuric acid with acetylene (comp. pp. 87, aro); (a) by the action of fuming 
sulphuric acid on acetaldehyde (C. 1902, I. 405). By warming with alkalis it 
passes straight into the salts of formic and methionic acids (A. 303 » 114). The 
dialkylamides of acetaldehyde disulphonic acid are obtained from sodium 
methionic dialkylamides and formic ester: 

HCOOCH,+NaCH(SO,NR,).- > HCO.CH(SO,NR,), or 

HOCH:C{SO,NR,)„ 

which, on account of its acid character probably contains the hydroxymethylene 
group (comp. p. 343 ; communicated by G. Schroeter). 3 Furthcr derivatives of 
glyoxal arc those which result from the action of 2HCIO, 2HBrO, and 2Brj on 
acetylene — dicMofacetaldehydCt CHCI2CHO, dihrotnacetaldehyde, CHBr ^CHO 
(comp, p, 203), acetylene tetrabromide, CHBr2.CllBrj (p. 96). 

Malonic Dialdehyde, CH,(CHO)„ has not yet been isolated. If j8-hydroxy- 
propionic acetal (p. 338) is oxidized with ozone, an aqueous solution is obtained 
which appeals to contain an aldehyde. Ethoxymethylene Acetal^ p^Ethoxyacrolefn 
acetal, CjHgOCU : CH.CH(OC2Ha)2, is prepared from propiolic aldehyde (p. 216) 
by heating it with alcoholic sodium alcoholatc ; from acrolein dibromide (p. 215) 
by heating it with alcohol and then with alcoholic potassium hydroxide. Its 
solution in water possesses an acid reaction and reddens ferric chloride solution, 
since it has been converted into malonic dialdchyde, or its desmotropc p-hydroxy- 
acrolein (comp. Hydioxymethylenc Ketone, p. 343). 

HOC.CHjCTTO or HOCII: CH.CHO. 

Similaily, propiolic aldehyde heated with aniline hydrochloride yields 
p-anthne-atycltin anil, CjHjNlICH : CTl.CII : NC^Hj, m.p. 115® (B. 36 , 3658, 
3668). Propane TetraethylSulphone, CH2[ClItS02C2HB)3l2. m.p. 154°, is derivable 
from iiiaJonic dialdchyd(‘. md 1 > synthetic illy prepired by the amdensation of 
foini ildohyile with two moh^cules of mc'thyleii'' dietiiyl lUlphono (p. 209) (B. 33 , 

Succinic Dialdehyde [Bul.me-dial], CHO.CHj.CHj.CHO, b.p.,, 67*, can be 
obtained fiom diallyl (p. 90) by means of ozone; but is most conveniently 
prepared by breaking down lU dioximc (p. 355), obtained from pyrrole, by NgO,. 
It is isomc'iic with butyroUttone (p. 374), and is also looked on as being the 
hydrate of furfuranc, from which it can be obtained by the action of HCl in 
methyl alcohol, in the form of its tetramethyl acetal, CH(OCH2),CH,CH(OCH8)j, 
b.p. 202®. The tetraethyl acetal, b.p.go n6®, results from the electrolysis of the 
sodium salt of / 3 -diethoxypiopionic acid (CjHbOJjCHCHjCOOK (B. 89 , 8qi). 
Succinic dialdchyde polymei izes readily to a glassy substance from which it is 
regenerated on distillation {Harries, B. 36 , 1183 ; 39 , 3O70). When heated with 
water it forms furfuranc, with ammonia pyrrole, and with PgS# thiophene (comp. ' 
i,4>Dikctones, p. 351). 

Dihromosuccinic Aldehyde, HCO.CHBr.CHBr.CHO, m.p. 73®, is prepared 
from the aldehyde and bromine. 

Bromofumaraldehyde, HCO.CH:CBrCHO, b.p.^j 130®, is obtained by distillation 
of the previous compound. ^ 

On the breaking down of furfuranc into Nitrosuccinaldehyde, and the conversion 
of the latter, by boiling with water, into Fumaric Dialdehyde, CHO.CH : CH.CHO, 
see C. 1902, I. 1272. Dibromomale^c Dialdehyde, CHO.CBr : CBrCHO, m.p. 69®, 
is obtained from j^-dibromopyroracemic acid and bromine water (A. 282 , 89). 

Glutarlo Dialdchyde, HCOCHgCHiCHgCHO, is not yet known. Oi its 
derivatives, Glutaconic Dialdehyde, HCO.CH: CH.CHg.CHO is obtained during the 
deconmosition of pyridine (Vol. II.); and an orChloroglutaconic Dialdehyde, 
HCO.CCl: (^.CHs.CHO, results when phenol (Vol, JI.) is decomposed. The 
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latter gives rise to / 3 -chloropyri(Une with ammonia, and a-thiophene aldehyde 
with H,S (B. 88,1650). 

Adipic DIaldehyde [Hexane-dial], CHO.[CHJ4CHO, b.p., 9 J°. is obtained 
from a,ai-dihydroxysuberic acid by oxidation with PbOj. Its Tetraethyl Acetal, 
(CjHjO)aCH[CHj4CH(OC2H5)2, b.p.i^ >148“, results trom the electrolysis of the 
potassium salt of y-diethoxybutyric acid. The aldehyde polymerizes more slowly 
than the higher and lower homologues, although heating with water condenses it 
rapidly to cyclopentene aldehyde. (Vol, II.) (H. 39 , 801). 

Suberic Dialdehyde [Octane-dial], CHO[CHJaCHO, b.p.go 14^*. is prepared 
from dihydroxyadipic acid and J^bOa- It polymerizes very easily (B. 81 , 2106). 

The oximes, hydrazoncs and osazoncs of the dialdehydcs are described together 
with the corresponding con^pounds of the aldchyde-ketoncs and diketones (p. 353)< 

5. KETONE-ALDKHYDES OR ALDEHYDE-KETONES 

a-Ketone-aldehydes. 

Pyroracemic Aldehyde, Acetyl Formyl, Methyl Glyoxal [Propanalone], 
CH>CO.CIIO, ri sults from the breaking down of mesityl oxid^, CHg.CO.CK : 
C(CH,)j, by means of ozone. Dilute acids precipitate it from its oxime, isonitroso> 
acetone (p. ^54). It is a yellow volatile oil, which polymerizes readily. 

Methyl Glyoxal Acetal, CHjCOCI^OCallj),, b.p.fg 30° (B, 38 , 1630). 

Derivatives include Dichloracetone, CHjCOCHCla, b.p. 120® (comp. p. 224), 
produced from allylenc and 2HCIO. Dihromacetone, CHgCOCHBfg, b.p. 142®, 
results from allylene and zHBrO. Similarly, Dichhropinacoltne, {CH3),iC.CO.- 
CHClj, m.p 51®, and Dibromopinucohne, (CHjl^C.COCHBrg. m.p. 75®, areobtained 
from tert.-butyl acetylene. Derivatives of tert.-Butyl Glyoxal (C. iqoo, II. 29). 

Propanal Dlsulphonie Acid, CH8C(S03H)3C1I0, is prepared from propionic 
aldehyde and fuming sulphuric acid (C. 1902, I. 405). It corresponds with 
acetaldehyde disulphonic acid. 

Isobutyrie Formaldehyde, Isopropyl glyoxal [3 - Methyl - butanal-2-one], 
(CH3)aCH.COCHO, m.p. 95®, is produced from dimetliyl butanonal acid by 
fusion or by boiling with water (B. 30 , 861). 

) 3 -Ketone Aldehydes, such as formyl acetone, CIIa.C'OCHaCHO, have already 
been described (p. 343), since in the free sta^e they assume the aci- con¬ 
figuration, which leads to their inclusion with the p-IIydroxymethylene Ketones or 
Oifijine Ketols. 

y-Ketone Aldehydes. 

Lffivulinic Aldehyde [Pentanal-4-one], CHs.CO.CHa.CHgCHO, b.p.,*® 187®, 
b.p-i* 70®. is obtained from its methylal, b.p.js 8 b®, the reaction product of a 
boiling solution of hydrochloric acid in methyl alcohol on a-methyl furfural or 
sylvan (B. 31 , 37). • 

I 6. DI KETONES 

The relative position of the CO-groups determines them to be 
either a- or 1,2-diketoncs, jS-or 1,3-diketones, y- or 1,4-diketones, etc. 

They have been regarded as dlketo-substitution products of the paraffins, 
hence the name. The “ Geneva names '* contain the syllable " di ** between 
the paraffin name and the ending “ one ”; thus [Butane-dione] forCHj.CO.COCH*. 
The a-diketoncs are most generally designated as compounds of two acid radicals, 
e.g. diacetyl for CHgCO.COClla J the / 5 -dikciones as monoKetoncs containing acid 
radicals, e,g. acetyl acetone, CHjCO.CHa.CO.CH,. 

The diketones react like the monoketones with hydroxylamine and phenylhy- 
drazine. Their oximes, prepared in another manner, constitute the chief raw 
material from which to prepare the a-diketones. The nitrogen-containing 
derivatives of the diketones, the aldehyde ketones and dialdchydes will be dis¬ 
cussed after the diketolics, because of their greater significance in this position. 

For the mercaptol and sulphone formation of the diketones, see B. 35 , 493. 

(z) a- or x,2*Dlketones. 

These are obtained (i) from their monoximes.. the isonitroso-ketones, by 
boiling the latter with dilute sulphuric acid (v. Pechmann) (B. 20 , 3213 ; Zt, 
1411; 22 , 527, 532; 24 , 3954; C. 1904, II. 1701); (see pyroracemic aldehyde). 
They are also formed (2) by Uie oxidation of the a-ketolef, e.g. the synthetic 
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acylolns (p. 34X); and (3) accompanied by dinitro-paraflins (p. 154), when mono¬ 
ketones or the corresj^nding secondary alcohols are oxidized by nitric acid 
(B. 28 , 555; C. 1900. II. 624; 1901, II. 334); (4) from a-bromolcfine ketones 
containing the group ■—C: CBrCO—, instead oi the expected a-olefine ketone- 
alcohols (p. 343)» (B. 84 , 2092). 

The a-dikctoncs, in contradistinction to the colourless aliphatic monoketones, 
are yellow, volatile liquids with a penetrating quinone-like odour; comp, 
glyoxal (p. 346). On the absorption spectra of a-diketones. see C. 1906, II. 495. 

(i) The a-diketones are characterized and distinguished from the fi- and 
y-ketones by their ability to unite with the orthophenylene diamines {.similarly 
to glyoxal). In this way they are condensed to the quinoxalines (q.v .): 


.NH, CO.R 

CtH./ H-1 

\NHj CO.R 


.N:Cft 

=C,H,< I +2H,0. 
\N:CR 


All compounds containing the group — CO.CO—, e.g, glyoxal, pyroraccmic 
acid, glyoxylic acid, alloxan, dihydroxytartaric acid, etc., react similarly with the 
o-phcnylenediamines. (2) The glyoxalims arc the products of the union of the 
a-diketones with ammonia and the aldehydes : 


CH,.CO • CH 3 C— NHv . 

1 -i- 2 NH,+CH,.CHO= II >C.CH,+3H,0. 
CHj.CO CH.C- 


(3) Nucleus-synthetic reactions : 

a-Diketones, containing a CH^-group, together with the CO-group, undergo a 
rather remarkable condensation when acted on by the alkalis. Aldols are first 
produced, an<i later the quinones (B. 22, 2215 ; 28,1845): 

CHj.CO.COCH, CH,.C(OH).CO.CH, CH 3 .C.CO.CH 

yield 1 and || || 

ClT3.CO.CO.CH3 CH2.CO.CO.CH, HC.CO.C.CH,, 

z Molecules Diacetyl. Diacetyl Aldol. p-Xyloquinone. 


(4) Diacciyl and hydrocyanic acid yield the nitrile of dimethyl racemic acid 
(see glyoxal) (15 22 , R. 137). 

Diacetyl, C'lla.CO.CO.CHa, Diketohuiane, Dimethyl Diketone, Dtmdhyl Glyoxal 
[Bubine-dioue], b.p. 87-89°, is oblanicd (i) from isonitroso-cthyl methyl ketone 
by the breaking down action of dilute sulphuric acid ( 15 . 40 , 4337) I (2) from 
methyl ethyl ketone or methyl ethyl carbinol by oxidation with nitric acid; 
it is accompani<‘d by dinitro-elhane (p. 155); (3) from oxalic diacctic or ketipic 
acid, COOH.C'llaCO.Cp.CHjroOlI. by elimination of 2CO3 by heat (B. 20 , 3183); 
(4) by oxidation of tctrinic anti (q.v.) by KMnO, (B. 26 , 2220 ; A. 288 , 27); (5) 
by electrolysis of pyroraccmic acid, CH,CO.COOH (B. 33 , 650) ; (0) from vinyli- 
dene oxanilidc, an oxalic acid derivative, and methyl magnesium iodide (B. 40 , 
186). When shaken with hydrochloric acid, diacetyl polymerizes to the trimeric 
(CHjCO.COCH,),, m.p. 105°, b.p. 280°, which decomposes on prolonged heating 
(B. 36 , 3290 ; 36 , 954 )- 

Tetrachlorodiacetyl, CHCli.CO.CO.CHCl,, m.p. 84®, results in the action 
of potassium chlorate on chloranilic acid (together with tetrachloracetone, 
p. 224) (B. 22 , R. 809 ; 23 , R. 20). 

Tetrabromodiacetyl, (CHBtg.CO), (B. 28 , 35) and Dibromodiacetyl, 

(CHjBr.CO),, are produced by the action of bromine on diacetyl. 

Acetyl Propionyl, CjHg.CO.CO.CH,, Methyl Ethyl Diketone [2,3-Pentane-dione], 
b.p. ioS°, is obtained from isonitroso-diethyl ketone ; also by the hydrolysis 
of o-bromethylidcne acetone, CHsCHiCBrCOCH, (B. 34 , 2092). It condenses 
to duroqiiinonc. Acetyl Butyryl [2,3-Hexane-dione], CjHjCOCOCH,, b.p. 128®, 
Acetyl Isohuiyryl, (CHgjjCHCO.COCH,. b.p. 115°, results from llie hydrolysis 
of acctoxymcsityl oxide (p. 343)- Acetyl Jsovaleryl, (GH3)2CHCH2 COCOCH,, 
b.p. 13S®. Acetyl Caproyl, CH^[CH^]^eOCOC}l^, b.p. 172'* (C. 1898, II. 965; 
1900, II. 624). Acetyl Isocaproyl, (ClIjlaCHCH^GHjCOCOCH,. b.p. 163® (B. 
22,2117; 211,395b). 

Symmetrical diketones: Dipropionyl, CH3CH3CO.COCII3CH3. Dibuiyryl, 
CH,CH3CH,C0.C0CH,CH,CH„ b.p. 168®. Di-isobutyryh (CHa)arHCO.CO- 
CH(CH,),, b.p.* 145®. Di-is0ualeryl, (CH,),CpCH,CO.COCH,CH(CH,),. 
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iDic<i/v'<?y/',CjHuCOCOC^Hj|, JOtpxvtUoyl, (CF72)3C.CO.CO*C(CHg)gf 

b.p. 170®, All these bodies are obtained from the a-ketols, the acyloins (p^. 315, 
341) by oxidation with nitric acid or dehydration by means of finely divided 
copper (J. pr, Ch.[2] 62 , 364 ; C. 1906, II. 1115). 

a-Diketone Bichlorides result in the hction of hypochlorous acid on alkylated 
acetylenes (p, 89), according to the equation : 

CjH,CiCCH,-f2HC10=C,HjCCl,.C0CH,-hH>0. 

Methyl a-Dichloropropyl Ketone, CjHj.CClj.CO.CHa, b.p. 138°, yields methyl n- 
propyl ketone on reduction ; with potassium carbonate solution it forms duro- 
quinono, angelic acid (p 2 q 8), and a-cthyl acrylic acid. The two acids result from 
an intramolecular atomic rearrangement which recalls that of the formation of 
benzilic acid from benzil (p. 38). 

(2) p- or i,3-Diketon6S are produced according to two nucleus-synthetic 
reactions; (i) like the hydroxymethylenc ketones,'by the interaction of acetic 
esters and ketones in the presence of sodium ethoxide, or, better, metallic sodium 
{Claisen, B. 22 ,1009 ; 23 , R. 40; 88, 695). 

The condensation probably proceeds similarly to that leading to the formation 
of hydroxymethylenc ketones (p. 343) and of acetoacetic ester (p. 412); the 
first step consists in the action of sodium or its compounds on the ester, the second 
in condensation and elimination of alcohol with tlte formation of the sodium 
salt of the aci- form of the ) 5 -dikctonc ; 

/OC,H, Na.OC,H. 

CH,CC -fCHjCOCIIa -CHaC^rrr^CHCOCH.+C.HjOH. 

NaNH, ■^ONa 


(2) By the action of AICI3 on acetyl chloride and the subsequent decomposi¬ 
tion of the aluminium derivative. This reaction was discovered by Combes, but 
correctly interpreted by Gustavson (B. 21 , R. 252 ; 22 , 1009 ; C. 1901, I. 1263); 


3CH,COCl+Aiaa=^^»^Q>CH.CCljO.AlCl,+2HCl 


HjO 


> CH:c8>CHCO,H 


-CO. 

- >■ CH,— 


rH’rR>CHCCl,OAlCl, 

L'lllL'V.I '-'XAa' 

(3) Acyl acetoacetic ester (p. 419), when heated with water at 140-150 
decomposes into COj, alcohol and ^-diketone (acyl acetone) (C. 1903, I. 225): 

CH,Cn,CH,COv^^„,,r, H«0 

^ CH,CO 




Constitution .—The j 3 -dikctones, like the hydroxymethylenc ketones (p. 343),% 
have an acid character. Although the formyl ketones ard regarded as hydroxy- 
methylene derivatives, the disposition generally is to assign to the salts of the 
j 8 -diketones, e.g. CH3.CO.CH=C(ONa)CH8, the keto-cnol formula, retaining 
for the free ketones, however, the diketo formula. Comp, also acetoacetic e%tev, 
and jovmyl acetic ester (A, 277 , 162). The molecular refraction is an argument in 
favour of this view (B. 25 , 3074). 

Reactions .—A very characteristic reaction is the precipitation of their alkali 
••alts by copper acetate. Ferric chloride imparts an inten.se red colour to their 
alcoholic solution. 

When the salts of j8-dikctones are treated with iodoalkyls, the CHfgroup 
becomes alkylated (comp. Acetoacetic Ester): 


CsHftOKa 

CHsCOClIjCOCaH, " CH,COCH(Cnj)COC3H,. 

CHsI 

Hydroxylamine converts the ) 3 -diketoncs into isoxazoles, phenyl-hydrazine into 
pyraxoles (pp. 354 » 35^). 

Aeetyl Aoetone, CK3CO.CHj.CO.CH3, b.p. 137® (above, for its forma¬ 
tion). Electrolysis of an alcoholic solwtion of sodium acetyl acetone, or the 
action of iodine on the same body, leads to the formation of tetra-acctyl ethane 
(B. 26 , R. 884). With SgClj and SCI3 it forms dithio- and monothio-acctyl acetone 
respectively (B. 27 , R. 401, 789). H,S produces a dimeric Dithioacetyl Acetyl 
Acetone (CjHjSj)*, m.p. 165 (C. 1901, ll. 397). Cyanogen unites with acetyl 
aoetone in presence of a Utile sodium ethoxide to form Cyanimidontethyl Acetyl 
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AcHons, NC.C(NH).CH(COCHt)i. m.p. I30^ and Diimidoteit'a-^cetyl %uiane, 
{CH,CO),C(NH)C(NH)CH(COCH,),. m.p. 147" (B. 81 , 2938). 

The fMiallic salts of acetyl acetone resemble one another in their remarkable 
stability. Iliose of Be, Al, Cr, Mn, Zn, Fc, Cu, Hg, Mo, Pt", Ce, La, Th, and 
others have been prepared, of which some, on account of their power oi crystalliza¬ 
tion, have been employed for the determination of the valency and atomic weights 
of the rare elements (C. 1900, I. 588 ; B. 84 , 2584 ; A. 881 , 334 )' Copper Acetyl 
Acetone, Cu(CBH, 0 ,)a. Beryllium Acetyl Acetone, Be(CjH,Oa)„ m.p. 108®, b.p. 
270**. Aluminium Acetyl Acetone, AX{CtUjOt)^, m.p. 193®, b.p. 314®. The 
vapour density of these compounds reveals the divalence of Br and the tnvalence 
of Al. Chromium Acetyl Acetone, Cr(C5H,Oj)a, b.p. 340®, is of a violet colour, 
and gives off a green vapour {Coomhes, B. 28 , R. 10; p, 1899, II. 525). 

Octochloraceiyl Acetone, m.p. 53, and Octobromacetyl Acetone, CBrjCOCBr,- 
COCBrs, m.p. 154**, are obtained from phloroglucmol, and chlorine or bromine 
respectively (Vol. II.) (B. 23 ,1717). 

Alkylated acetyl acetones are obtained from acetyl acetone by sodium and 
iodo-alkyls (B. 20 , K. 283 ; 21 , R. ir). 

Acetyl Methyl Ethyl Ketone, Acetyl Propionyl Methane, CHjCOCHjCOCjHg, 
b.p. 158®. Acetyl Methyl Propyl Ketone, Acetyl Butyryl Methane, b.p. 175® (B. 22 , 
1015 ; C. 1903. I. 225). Acetyl Isobutyryl Methane, b.p. 168® (B, 81 , 1342 ; 
C, 1900, II. 317). Acetyl Caproyl Methane, CHa[CHj4COCH,.COCH*, b.p.s0 
zoo®, also results from acetyl oenanthylidene (p. 232) and sulphuric acid (C. 1900, 
11.1262, 1903,1 225). 

Higher j8-diketones : see C. 1902, I. 568, 

(3) Y~ 1,4-DiketoneB. 

These correspond with the paraquinones of the aromatic series {q*v,). 
They are not capable of forming salts, hence are not soluble in the 
alkalis. They form mono- and di-oximes with hydroxylamine, and 
mono- and di-hydrazones with phenylhydrazine; these are colour¬ 
less. The readiness with which the y-diketones form pyrrol, furfurane, 
and thiophene derivatives is characteristic of them, 

Acetonyl Acetone, sym.-Diacctyl Ethane, [2,5-Hexane-dione], CHs- 
CO.CH2CH2COCH3, m.p. —9®, b.p. 194°, D2 o=o- 973, is obtained 
fiom pyiolritaric acid, C7Hg03 ; from acetonyl acetoaceiic 

ester (q.v.), when heated to 160° with water (B. 18 , 58); and from 
isopyrotiitaric acid and diacetyl succinic ester, when they are boiled 
with potassium carbpnate solution (B. 33 , 1219). It is a liquid with 
an agreeable odour, and is miscible with water, alcohol, and ether. 

Conversion of Acetonyl Acetone into z,^-Dimeihyl Furfurane, -Thio¬ 
phene, and -Pyrrole {Paal, B. 18 , 58, 367, 2251). 

(1) The direct removal of one molecule of water from acetonyl 
acetone by distillation with zinc chloride or P£05 results in the formation 
of dimethyl furfurane (B. 20 , 1085): 

CHj.CO.CH, CH 

CH..CO.CH, CH 

Dimethyl 

Other y-diketone compounds react in a similar manner [Knorr, B. 17 , 
2756). 

(2) When heated with phosphorus sulphide acek»nyl acetone yields 
dimethyl thiophene : 

CH,.CO.CH, 

^Ha.CO.CH| 


CH«C 


+H0S=| 


CH*C 



-f-aHgO. 


DtoMthyl ThIopheQe. 
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All the y- diketones or 1,4-dicarboxyl compounds, e.g. the y-ketonic 
acids (}.».)» yield the corresponding thiophene derivatives upon like 
treatment (B. 19, 551). 

(3) Dimethyl Pyrrole is produced on heating acctonyl acetone with 
alcoholic ammonia: 

CHj.CO.CH, CH=C^**> 

I +NH,= I Vh +2HA 

CH,.CO.CH, 

Dimethyl Pyrrole. 

All compounds containing two CO-groups in the 1,4-position 
react similarly with ammonia and amines, e.g, diacctosuccinic ester 
and laevulinic ester. All the pyrrole derivatives formed as above, 
when boiled with dilute mineral acids, have the power of colouring a 
pine chip an intense red. This reaction is, therefore, a means of 
recognizing all 1,4-diketone compounds (B. 19, 40). 

In all these conversions of acetonyl acetone into pyrrole, thiophene, 
and furfuranc derivatives, it may be assumed that it first passes from 
the diketone form into the pseudo-form of the diolefiiie glycol (p. j8): 

CH,.CO.CH, 

I yields I OH 

CH,.CO.CH, CH = C<""^ 

and from this, by replacing the 20H-groups with S, 0, or NH, the 
corresponding furfurane, thiophene, and pyrrole compounds are pro¬ 
duced (B. 19, 551). 


cu-DImethyl Lsvullnle Methyl Ketone, a^Dimethyl Acetonyl Acetone, 

(CHjIjCH.CO.CHjCHjCOCHj, b.p.j, 91*’, is a degradation product of tanacetone, 
a terpene ketone (Vol. II.). It is prepared from methyl heptenone glycol, 
(CH,),C(OH).CH{OH).CHjCHj.COCHj, by boiling witli sulphuric acid (B. 35 , 
1179). 

1,5- or 8 -Dlketones are not known. If it is attempted to prepare them from 
the S'diketone dicarboxylic esters, e.g. aa-diacetyl glutai^c ester: 


CHjCOn. p-^pTT pTj^COCH| 


(resulting from the condensation of aldehydes and acetoat etic esters) by splitting 
off carboxyethyl groups, there results instead of, for example, diacetyl propane 
or 2,5-heptane-dione. CH,CO.CH,CHjCH,.COCHs, a carliocyclic condensation 
product—3-Methyl-Ai-R-hexene (A. 288 , 321). 

1,6- or €-Dlketones. Diacetyl Butane [2,7-Octane-dione], m.p. 44®, results 
from the electrolysis of potassium Ixvulinatc: 

2 CH,C 0 CH,CH,j COOj K-> CH.COCH,CHa.CH,CH,.COCH,. 


It is also obtained by the ketonic decomposition of diacetyl adipic ester 
(B. 83 ,650). 

1,7- or Pentane, CHjCO.(CH,)5.COCH8, belongs to this 

class. When reduced, it undergoes an intramole cular pinacone formation and 

becomes Dimethyl Dihydtoxyheptamethylene, CH3.C(0H)[CH|]|C(0H)CHf (B. 28 , 
R. 249; 24 , R. 634 ; 26 , R. 316). 



DIKETONES 


4 


353' 


NtTROGEN-CONTAINING DERIVATIVES OF THE DIAtDEHYDES, ALDE¬ 
HYDE KETONES AND DIKETONES 

X. For the action of ammonia on glyoxal and acetonyl acetone, consult 

PP- 346* 352 - 

2 . Oximes. 

A. Monoximes. — {a) Aldoximes of the a-cddehyde ketones and monoximes of the 
ordiketones: tsonitrosoketones or oxtmtdo-keiones. These bodies are formed 
(ifl) by the action of nitrogen trioxide on ketones (B. 20 , 639). By this re¬ 
action mixed ketones, which contain the—CO—group united to two CH|-groups, 
yield two different isonitroso-ketones ; but if the *-CO— group is join^ to a 
tertiary alkyl, only one isonitroso-ketonc is formed (C. 1898, II. 965). 

(lb) When amyl nitrite in the presence of sodium ethoxide or hydrochloric 
acid acts on ketones. Sometimes one and sometimes the other reagent gives 
the best yield (B. 20 , 2194 : 28 ,1915): 

CH,COCH,-hNO.O.CgII„==CH3COCn(N.OH)-fCgH„.OH. 

An excess of amyl nitrite decomposes the oximido-body, whereby the oximido- 
group IS replaced by oxyge^, with the production of a-diketo-derivatives (B. 22 » 
527 ; C. 1904. II. 1701)* 

(2) Just as acetone is formed from acetoacetic ester, so can isonitroao- or 
oximido-acctonc be prepared from the oxxmido-derivative of acetoacetic ester 
(B. 15 , 1326). Niiious acid decomposes acctoacctic acid into oximido-acetone 
and carbon dioxide: 

CH,C 0 CH,C 0 ,H-f-N 0 . 0 H=-CH 3 .C 0 CH(N. 0 H)+C 0 ,-f-H, 0 . 

Similarly, by the action of nitrous atid, nitrosyl sulphate or chloride, the oximido- 
compoundb of the higher acetones can be diiectly derived from the monoalkyli* 
acetoacetic acids and their esters by elimination of carbon dioxide (B. 20 , 531; 
C. 1904, II. 1700); 

CH,COCH<^q^jj +N() oh- rH,COC<JJ qjj +C 0 ,+H, 0 , 

whilst the dialkylic acetoacetic acids do not react (B. 15 , 3067). 

Properties —T he isonitroso- oi oximido-ketones are colourless, crystalline 
bodies, easily soluble in alcohol, ether and chloioform, but usually more sparingly 
soluble in watci. They dissolve in the alkalis, the hydrogen of the hydroxyl 
group being replaced by metal, with the formation of salts having an intensely 
yellow colour They yield a yellow coloration with phenol and sulphuric acid, 
and not the blue coloration of the nitroso-reaction (B. 15 , 1529). 

Reactions —(i) As in the kctone-oximcs, so also in the isonitroso-ketones. the 
oximido-group can be split off and be replaced by oxygen, which will lead to the 
formation of diketo-bodies. —CO.CO—. This result may bo brought about by 
the addition of sodium bisulphite and boiling the resulting imidosulphonic acid with 
dilute acids (J 3 . 20 , 3162). The reaction also takes place when isonitrosoketones 
are boiled directly with dilute sulphuric acid (B. 20 , 3213). The decomposition is 
sometimes more readily effected by nitrous acid (B. 22 , 532 ; C. 1904, ll. 1701). 

(2) The aldoximido-ketones, like the aldoximes (p. 212), are converted by dehj^- 
drating agents— e.g. acetic anhydride—into acidyl cyanides or a-ketone carboxylic 
nitriles [q.v.) (B. 20 , 2196). 

(3) Aminoketones (p. 344) are produced in the reduction of isonitroso-ketones 
by means of stannous chloride. 

(4) Two molecules of phcnylhydrazine, acting on the isonitroso-ketones, 
produce osazones, e.g, CHj.C(NaH.C3H5)CH(N,H.C,HB)—acetonosazone (B. 22 , 
528), Semicarbazide gives rise to semscarbaxone oximes, most of which are slightly 
soluble and possessed of high melting points ^C, 1904.11.304, 1700). 

(5) By the further action of hydroxylamine or its hydrochloride (B. 16 , 18a ; 
C. 1904, II. 1700) on isonitroso-acetone, the ketone oxygen is replaced and 
dioximes of the a-aldchydc ketones and a-diketones are produced. 

(6) Halogen alkyls acting on the salts of isonitroso-ketones produce eihews 
(comp. B. 16 , 3073 ; 38 ,1917): 

CH,C 0 .C(N 0 K)CH,+CH,I=CH,C 0 .C(N 0 CH,).CH,+KI. 

• % K 
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whichjare the cUkoximes of the a>diketones. They are more stable than the free 
isonitroso-ketones, and are therefore more suitable for use in many synthetic 
reactions. 


Isohitroso-acetone, Aldoxime.of Pyroracemic Aldehyde, CHs.CO.- 
CH : (N.OH), m.p. 65°, is very really soluble in water ; crystallizes in 
silvery, glistening tablets or prisms ; melts and decomposes at higher 
temperatures, but may be volatilized in a current of steam, 

Monoxlmes of the a-Diketones.— Isonitroso-etkyl Methyl Ketone, CH,CO.C= 
NOH.CHs, m.p. y.f'", b.p. 185-1S8®. Preparation (B. 35 , 3390). Action of 
HCT on isonitroso-f'thyl methyl ketone ( 13 . 38 , 3357). Isvnitfoso-methyl Propyl 
Ketone., CHsCO.C—NOH.CHjCHj. m.p. 52-53®, b.p. 183-187°. Isonitroso- 
diethyl Ketone, CjHg.COC—NOH.CH3, m.p. 59-62°. Isonttroso-methyl Butyl 
Ketone, CH3.COC —XOH.C3H3, m.p. 49'5°. Isonttroso-methyl Isohutyl Ketone, 
Clla.COC —NOH.C11(CH3 )j, m.p. 75°. Isonitroso-methyl Isoamyl Ketone, CII,.- 
COC-=NOH.CHj.t'H(CH3)j, m.p. 42° C. Isonitroso-methyl Isocapryl Ketone, 
CH8.COC-^NOn.CIIjCH,CH(Cir3),. m.p. 38°. 

For other i.sonilro.so-ketones sec C. 1890, I. 190 ; II. 524 ; 1904, II. 1700. 

B. Oxime-anhydrides of the jS-Diketones or Isoxitzoles. 

Monoximos ol the jS-formyl ketones and of the / 5 -(]ikctoncs are not known. 
In the cittemi)t to prepare them water is lost and an intramolecular anhydride 
formation takes place. The oxime-anhydrides arc isomeric with tJie oxazolrs, 
which also consist of five members ; hence their name, isoxazotes (B. 21 , 2178 ; 
24 , S9t>; 25,1787). 

Cii=riK 

Isoxazole, Oxime-anhydride of Malonic Dialdehyde, \ ^(), b.p. 95*, is 

C'ri=A'-'^ 

prepared from proparj^yl aldehyde or ^-anilino-acrolcin anil (p. 347) by hydioxvl- 
aininn. Alcoholic alkalis convert it into cyanacetaldchydc (p. 401) (t). 36 , 3665): 

CH=:CHv 



a-Methyl Isoxazole, CHa-a-CallaNO, b.p. 122°, and y-Methyl Isoxazole, Cllg-y- 
C3H3NO, b.p. 118°, result fiom hydroxymethylenc or foimyl acetone. They are 
transparent liquids, liavin^^ an intense odour resembling that of pyridine, 
a-Mclhyl isoxazole readily becomes rearranged into cyanacefone (q.v .): 


CH=aioii 

I 

CIIj.CO Nil* 

/ 

HO 


-tHjO 


CTI 
II 9 
CH,C. 

\o/ 


:h 


yll 

N 


CH—CO.( 11 3 
II 

CHOH NH, 

/ 

HO 


< H —C.CTIj 

—II P yll 
-2ihO CH. N 




ay-Dimethyl Isoxazole (CHs)j-ay-r,HNO, b.p. 141*, has a very peculiar 
odour, and is obtained from acetyl acetone and hydroxylamine hydrochloride. 

C. Dioxlmes. 

(a) Glyoximes or a-Dioximos,—When glyoxal, ot which the monoxime 
is not Known, pyroracemic aldehyde and the a-tliketones are treated with 
hydroxylamine hydrochloride, the a-dioximes or glyoximes are formed. They can 
also be obtained from a-isonitroso-ketones or o-dichlorok tones. The glyoximes 
form characteristic complex compounds with Ni, Co, Pt, Fe, Cii, which are stable 
and strongly coloured ; the metal is united to two glyoxime molecules (B. 39 , 
2692. . 33 ^ 2 ), 

Glyoxime, CH{=NOH).CH{=NOH), m.p. 178° (B. 17, 2001; 26 , 705 ; 28 , 
R. 620), is prepared from trichlorolactic acid (p. 368). Methyl Glyoxime, 
Acetoximic Acid, CII’8('{NOH).CH(NOH), m.p. 153°. / Dimethyl Glyoxime, 
Diacetyldioxime, CH3C(N01I).C(N0H)CHa, m.p. 234°“ (B. 28 , R. 1006; J. pr, 
Ch. [2] 77 , 414) is employed as a sensitive test for the presence of Ni.('rt-). 
Methyl Ethyl Glyoxime, CH3C(NOH),C(NOH).CjH5, m.p. 172° ((B. 84 , 3978). 
Methyl Propyl Glyoxime, m.p. i68°. tert.-Buiyl Glyoxtme, (CH*),C.C(NOH)- 
CH(NOH), m.p. 102®, is prepared from dichloropinacoline (p. 348). Methyl 
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Isobutyl Glyoxime, m.p. 170-172®. Higher homologues of glyoxime, see C. 1899, 
11 . 524 ; 1904, II. 1700. 

Xh) Glyoxime Peroxides (B. ZZ, 3496) result when NO^ acts on an ethereal 

CH8.C=N-0 • 

solution of the glyoximes : Dimethyl Glyoxime Peroxide, I I, b.p. 222*. 

CH,.C=N -0 

Methyl Ethyl Glyoxime Peroxide, b.p.,, 115®. 

(c) Furazanes, Azoxazoles, Fiiro-[^;^{\-diazoles are the anhydrides obtained 

CH:Nv 

from certain a-dioximes. Furazane, \ yO, itself is not known, whilst 

CH:N'^ 

dimethyl furazane^ for example, has been prepared frqpi diacetyl dioxime. 

{d) j8-Dioximes, Acetyl Acetone Dtoxtme, CH3C(NOH)CH,C(NOH)CHj, 
m.p. 150®, is produced from acetyl acetone by an excess of hydroxylamine. It 
easily gives this up and is converted into dimethyl isoxazolc (see above). Reduc¬ 
tion by sodium and alcohol gives 1,4-diaminopentane (p. 333). Electrolytic 
reduction in sulphuric acid solution loads to the formation of Dimethyl Pyrazo- 

Udine, CH3CH(NII)CH3CH^I1)CH3, a compound in which the nitrogen atoms 
have become united (B. 36 , 219). 

(e) y-Dloximes, which may be systematically derived from the y-dialdehydes; 

? /-aldehyde-ketones and y-dikotones may be prepared (i) by the action of hydroxy- 
amine on pyrrole (B. 22, io^)8) and .ilkyl pyrroles (B. 28 , 1788) ; (2) from y-dike- 
loncs and hydioxylaminc. They are decomposed by boiling alkalis into the 
corresponding acids, or y-diketones ; the latter are far better obtained by means 
of nitrous aud. 

Succinaldehyde Dioxime, HON ; (TiCHa(TI,CH : NOH, m.p. 173®, passes upon 
reduction into tctraiuethylene diamine (p. 333), and into succinic dialdehyde by 
the action of N^Og (B. 35 , 1184). Efhyl Succtnaldtoxime, HON : CHCH(C3Hg)- 
CH3CH:N(0H), m.p. 135®.; I'ropumyl Propionaldioxtme, CH^CH^C: N(OH)- 
CH3CHjCI 1:N(OH), m.p. 85®. Methyl L^vuhnaldtoxtme, CHjC: N(OH)CHr 
CH(CH)sCH : N(OIl). Acetonvl Acetone Dwxime, CH3C ; N(OH)CH,CH,C 
N(OH)CHa, m.p. 135®. ojM-Dtareiyl Pentane Dioxime, CHjC: N(OH)[CH,]gC 
N(OH)CHa, m.p. 172°. 


3. Hydrazine and Phenylhydrazine Derivatives. 

CHjC N 

Dimethyl Aziethane, | |, m.p. above 270®, and Dimethyl hishydrazi'- 

CllgC -N 

NHy /NH 

methylene, I >C(<'H3) C(CH3)< I , m.p. 158®, arc obtained from diacctyl and 
NIF • ^NH 


hydrazine (J. pr. Ch. [2] 44 , ij\) Dimethyl azicthane is also prepared from 
Diacetyl Acetylhydrazone, CH3C(N : N.COCHj): C{OH)CHa, m.p. 167® by heating 
it with alkalis. mono-simicatbazones oi the a-diketoncs dissolve m alkalis, 

like the monoximes (p. 354), to a yellow solution. Diacetyl Semtearbazone, 
CHaCOClNNHCONHjlCHa. or CH*: C(OH).C{NNHCONH,)CH„ m.p. 235®. 
Acetyl Proptonyl Semicarbazone, m.p. 209® (B. 36 , 3183®). 

Glyoxal Disemicarbazone {NH2CONHN; CH—),, is a slightly soluble crystalline 
powder of high melting point (B. 40 , 71) 

Glyoxal Bisguanidine, ^C.NHNiCH.CHrNHNC*^ -f-HjO, m.p. 265, 

NH/ ^NHj 

with decomposition, is formed from dichloraldehyde (p. 203) and amidoguani* 
dine (A. 202 , 284). Diacetyl Semicarbazone, m.p. 279®, 

Monophenylbydrazones .—Hydtazone of Pyroracemic Aldehyde, CHsCO.CH:- 
N.NH.CjHb, m.p. 148®, is obtained by hydrolyzing the reaction-product resulting 
from diazobenzene chloride and sodium acetoacetic ester with alLoholic sodium 
hydroxide (C. 1901, I. 299). Diacetylhydrazone, CHsCO.C:(NNHC 3H5)CH3, m.p. 
133®, has been prepared from diacetyl- and methyl-acetoacetic ester (J^pp and 
Klingemann) (A. 247 , 190). 

a-Acetyl Propionyl Hydrazone, CHjC{:NNHCjH,).COCH,, m.p. 97®, isobtained 
from acetyl propionyl. p-Acetyl Propionyl Hydrazone, CH3CO.C:(NNHC3H3)CH3, 
m.p. 117®, is prepared from ethyl acetoacetic acid and diazobenzene chloride. 
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Dlpben^AbydrazoiiM or Osazones.—Glyoxal (p. 346), methyl glyoxai (p. 3^8), 
the tt’diketones and the a-isonitroso-acetones, when treated with ph^ylhyoraxme, 
lose two molecules of water or water and hydroxylamine, respectively, and 
form *diphenylhydrazoncs or osazones, which can also be obtained irom 
a-hydroxyaldchydes, a-)iydroxyketoncs, a-aminoaldehydes and a-aminoketones. 
The osazones have become especially important for the chemistry of the aldo- 
pentoses, and the aide* and ketohexoses. The osazones are oxidized by potassium 
chromate and acetic acid to osoteiratones» which are converted by hydrochloric 
acid and ferric chloride into osotnaeones : 

CH,C=*N—NHCeHg o CHaC=N—FeaCI, CH5C=N 


> I I 

Diacetyl Osazorje. Diacetyl OsotetrazoneT Diacetyl Osotriaione. 


CH*C=N -NHCcHfi 1 rHar==N—N(\Hg 


mi 


CH 


I >n.c,h, 

,r-N/ 


Glyoxal Osazone, C^n5NH.N:CIICH:N.NHC,H5, m p. 177®, is also prepared 
from formaldehyde and phenylhydrdzme, with the intermediate formation of 

CH:N.NC.H, 

glycolyl aldehy<lf' (p. 337) (B. 30 , 2459). Glyoxal Osotstrazone^ ( ( , 

CH:N.NC<|H, 

m.p. 145® (B. 17 , 2001 : 21 , 2752 ; 26 ,1045). Methyl Glyoxal O^azone, C^HgNH.- 
N:C(CHa)^f^'^ m.p. 1 ^ 5 ** (S* 28 , 2203). Methyl Glyoxal Osoieirazonet 

ClIiN.NC.Hs C.H:Nv 

I I , m p. 107®. Methyl Glyoxal Osotriazone, | ^NCgH,., 
CHsC =N.N.C J F 5 CH,C=N/ 

b.p ,0 150® ( 13 . 21 . 2755). Diacetyl Osazone (formula above), m.p. 236® with de¬ 
composition ( 13 . 20 , 3184 ; A. 240 , 203). Diacetyl Osotetrazone (formula above), 
m p. 169® wi^ decomposition. Diacetyl Osoinazotte (formula above), m.p. 35®, 
b.p. 255® (B. 21 , 2759). Acetyl Propionyl Osazone, m.p. 162® (B. 21 , 1414; 
A. 247 , 221). 

The 1,3-dikctones and the 1,3-hydroxyniethylene ketones (p. 343) unite 
with hydrazine and phcnylhydrazine. forming pyrazoles (Vol. II.), which maybe 
regarded as derivatives of the 1,3-olefine kctols (A. 279 , 237): eg. hydroxy- 

jen -NH 

methylene acetone and hydrazine yield 3-Methyl Pyrazole, CH^ 




X:(CHa):N 

(B. 27 , 954 )* 

Acetonyl acetone, a 1,4-diketone, and phenylhydrazine yield: AcetonylAceto^ 

CH:C(CH3)v 

nosazone, m.p. 120^, a,nd PkenylamidO’DimethyI-Pyrrole, \ ^N.NHCaH., 

CH:C(CHj)/ 

m p 00®, b.p. 270® (B. 18 , 60 : 22 , 170). 

a-HydrazoxImes .—Methyl Glyoxal PhenylhydrazoxiiHe, CHa.C:N(NHf'aH5).- 
CH : NOH, m.p. 1^4®, is picpared by the action of phcnylhydrazine on iso- 
nitroso-acetoacetic acid. It parts readily with water and becomes methyl n* 

CHaC=N. 

phenyl osotriazole, I ; (Vol. II.) ^A. 262 , 278). 

ch=n/ 


7. ALCOHOL- or HYDROXY-ACIDS, C,H,„<q°»” 

Acids of this series show a twofold cliaracter in their entire 
behaviour. Since they contain a carboxyl group, they are monobasic 
acids with all the attaching properties and reactions of the latter; 
the OH-group linked to the radical bestows upon them all the pro¬ 
perties of the monohydfic alcohols. As already indicated in the intro¬ 
duction to the dihydnc compounds, these alcohols must be distinguished ‘ 
as primary, secondary, and tertiary, according as they contain, in 
addition to the carboxyl group, the group —CH2OH, characteristic 
of primary alcohols, the radical =CHOH, peculiar to the secondary 
alcohols, or the tertiary alcohol group sC.OH. This difference mani¬ 
fests its^ in the behaviour of these bodies when subjected to oxidation. 
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However, the manner in which the alcoholic hydroxyl group in an 
alcohol-acid acts on the carboxyl group present in the same mole¬ 
cule depends greatly on the position of these two groups with refer¬ 
ence to each other. It is just this differentiating, opposing position 
of the two reactive groups which induces class differences of a distinctly 
new type, which are therefore made prominent because the oxidations 
undergone by primary, secondary and tertiary alcohols are already 
known to us. At present they are mostly termed hydroxy-fatiy acids, 
because of their origin from the fatty acids by the replacement of a 

hydrogen atom by OH. 

* 

The Geneva names are formed by the insertion oi the syllable ** ol,** 
characteristic of alcohols, betN^een the name of the hydrocarbon and the word 
“acid CHfOH.COOH, hydroxyacetic acid, or [ethanol actd\. 

Glycollic and ordinary or lactic acid of fermentation are the best- 
known and most important representatives. 

General Methods of Formation. —(i) Careful oxidation (a) of di¬ 
primary, primary-secondary and primal y-tertiary glycols with dilute 
nitric acid, or platinum sponge and air: 

(.n^OH CH^OH CHjCH.OH CHsCH.OH 

I -|- 0 ,= | I + 0 ,- I +H, 0 . 

CH,OH COOH Cli.OH COOIl 

Glycol. Glycolhr Aad. a-Propylene Glyco «Lactic Acid. 

(b) By the oxidation of hydioxyaldehydes. 

(2) The action of nascent hydrogen (sochum amalgam, zinc and 
hydrochloric or sulphunc acid, sodium and alcohol, or electrolysis) 
on tile aldehyde acids, the ketonic acids, and dicarhoxylic acids. 

Pyroracemic Acid, CH, CO.CO,H+2H—CHj.CH(OH).COjH. 

Oxalic Acid, coon C00H+4H=C00H.CHj0H-hH,0. 

This reaction has been repeatedly used in preparing ]3-, y- and 
S-hydroxy-acids from p-, y- and 5-ketone carboxylic esters. 

(3) Some fatty Acids have OH directly mlxoduced into them. 
Tliis IS accomplished by oxidizing them with KMn04 in alkaline 
solution. 

Only acids containing the tertiary group OH (a so-called tertiary H-atom) are 
adapted to this kind of reaction (i 2 . Meyer, B. 11 , 1283, 1787: 12,2238; 
A. 208 , 60; 220 , 56). Nitric acid effects the same as KMn04 (B. 14 , 1782 ; 
16 , 2318). 

(4) By heating unsaturated fatty acids with aqueous potassium 
or sodium hydroxide to 100° (A. 288, 50). 

(5) By the reaction of the monohalogen fatty acids with silver 

oxide, boiling alkalis, or even water. The conditions of the reaction 
are perfectly similar to those observed in the conversion of the 
alkylogens into alcohols. • 

CHgClCOtH +H| 0 «CH,( 0 H)C 00 H -f HCl. 

I The a-derivatives yield a-hydroxy-acids ; the j 3 -denvatives are occasionally 
changed to unsaturated acids by the splitting-oS of a halogen acid, whilst the 
y<ompounds form y-hydroxy-acids, which subsequently pass into lactones. 
y-Hologen acids ar# converted directly into lactones by the alkali carbonates. 
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(6) By the action of nitrous acid on amido-acids: 

CH,(NH,).C 0 ,H + HN 0 a=CH*( 0 H).C 0 aH+N, 4 -H, 0 . 

Amlnoacetic Acid, Hydrozyacetlc Acid. 

(7) The hydroxy-acids can be obtained from the diazo-fatty acids, 
on boiling them with water or dilute acids. 

(8) From the a-ketone-alcohols— e.g, butyroin and isovaleroxn 
(p. 342)—on treating them with alkalis and air. 

Nucleus-syntliHin Methods of Formation. —(9) By allowing hydro¬ 
cyanic acid and hydrochloric acid to act on the aldehydes and 
ketones. At first hydroxycyanides, the nitriles of hydroxy-gicids 
are produ'cd after which hydrochloric acid changes the cyanogen 
group into carboxyl * 

CK 

1. rimsc: CH,.CHO+HNC=CHs.CH<^fj 

2. Piiabo : + 

a-Hvdiuxy(iiopiomc Acid. 

In preparing the hydioxycyanides, the aldehydes or ketones are treated with 
pure hydrocyanic acid, or powdered potassium cyanide may be add"d to the 
ethereal solution of the ketone, followed by the gradual addition of concentrated 
hydrochloric acid (B. 14 , 19O5 ; 15 , 2318). The concentrated hydrochloric acid 
changes the cyanides to acids, the amides of the acids being at first formed in the 
cold, but on boiling with more dilute acid th(*y uiid<Tgo further change to acids. 
Sometimes the change occurs more readily by heating with a little dilute sulphuric 
acid. Ethylene oxide behaves like acetaldehyde with hydrocyanic acid. 

(to) The glycol chlorhydrins (p. 319) undergo a similar alteration 
through the action of potassium cyanide and acids: 

1. Phase; Cn2(OH).CU/'l + KNC =CHi(OU)CH*.CN + KM. 

2. Phase; CHj(OH).Cl I. .N+2l{5,0=CH.^(0II).CHa.C0aIl f-NH,. 

3>Hydroxypropionic Acid. 

(ill A method of ready applicability in the synthesis of a-hydroxy- 
acids consists in acting on diethyl oxalic ester with zinc and alkyl 
iodides {Frankland and Duppa). This reaction.is like that in the 
formation of tertiary alcohols from the acid chlorides by mt^ans of 
zinc ethyl, or of the secondaty alcohols from formic esters (p. 106) 
—I and 2 alkyl groups arc introduced into one carboxyl group (A. 
185 ,184): 

yOX ,H s Zn(CH,), /O.C^Hs Zn(CII,), /CH, 

C<^ - 

|Nj.ZnCIl, I MXZ.iClI, 

OjC.Hj COaCjHj CO,C,llfi 

E'>ter 

If we employ two alkyl iodides, two different alkyls may be intro¬ 
duced. ^ 

The acids obtainedl* as indicated, are named in accordance with their deriva¬ 
tion from oxalic acid, but it would be more correct to view them as derivatives of 
hydroxyaceticacid or glycollic acid, CH,(OH).COaH, and designate, e.g. dimethyl 
oxalic acid, as dimethyl hydroxyacetic acid. 

(12a) / 3 -Hydroxy-acids are formed when aldehydes or ketones arc condensed 
with a-^logen fatty acid esters by moans of zinc or magnesium; e.g. propionic 
aldehyde and a-bromopropionic ester yield a-motUyl j8-ethyl hydracrylic acid. 


HaO /CHj 

- C^H, 

pOH 

COgCaHj 
Dimethyl Oxalic 
Ester. 
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C,HjCH(OH)CH(CHj)COOH; trioxymethylenc, a-bromisobutyric ester and 
zinc yield aa-dimethyl hydracrylic acid (comp. p. 287) (C, 1901. I. 1196; 
H. 30; 1902,1. 856). 

{12b) Ketone acid esters and magnesium alkyl iodides produce, in part, 
tertiary hydroxy-acid esters; also, ethyl chloroglyoxylate with magnesium 
alkyl halides yields the oxalic ether of the a-hydroxy-acid ester (C. 1902, II. 1359 \ 
1900,11. mo): 

CH3COCOaCs,HB-hCH5MgI = (CH3)jC(OMgI)COaC,n5 

2C,ll60C0.C0Cl-|-2CH8MgI=C,HB0C0.C(CH,)30.C0.C0,C,Hj+2MgClI. 

(13) When sodium or sodium cthoxide acts on the acetic esters and pro¬ 
pionic esters it converts them into j 3 -ketone-carboxyMc esters, bnt in the case of 
butyric and isobutyric esters it produces the ether esters of j8-hydroxy-acids, such 
as ethoxycaprylic ester^ (CH3)2CH.CH(OCjll,).C(CH3)jCOjCjHj, from isobutyric 
ester (A. 249 , 54). 

Cleavage-Reactions, —(14) The fatty acids are formed from alkyl malonic 
acids, CRR'(C02R)*, by the withdrawal of a carboxyl group (p. 253). and the 
hyuio\> -fatty acids are obtained in a similar manner from alkyl hydroxymalonic 
acids or tartronic acids ; 

CK(OIIX^°>J^-CRH(OH).CO,H+CO,. 

AlKyl Tartronic And. Alkyl Hydroxyacctic Acid. 


Isomerism .—The possilile cases of isomerism with the hydroxy- 
acids arc most simply deduced by considering the hydroxy-acids as 
the mono-hydroxyl substitution products of tlie fatty acids. Then 
the isomers are the same as tlie mono-halogen fatty acids, which 
be IT'’' Jed as the haloid esters of the alcoholic acids corresponding 
with them. 


Hydroxyacctic or glycollic acid is the only acid which can be obtained from 
acetic acid: 


CH3.COOH CHjOH.COOU 

Acetic Atid. Glycollic Acid (p. 363). 


Propionic acid yields two hydroxypropionic acids : 

Cll.CUg ( OOH CiIaCn{01I).('00ri CHdOHlCHj.COOH 

Piopionu Add. a-Hydroxypropionic Acid 3 -Hydroxypropjonic Add 

■ * ord. Lactic Acid (p. 362). Hydracrylic Acid (p. 369). 

These are di'itinguishcd as o- and ^-hydroxypropionic acids respectively. 
The fl-acid contains an asymmetric carbon atom, and therefore, theoretically, 
sliould yield an inactive variety, which can be resolved, and two optically active 
modifications : those, in fact, exist. 

Normal butyric acid yields three and isobutyric acid two mono-carboxylic 
acids: 


CHa.CH,.CH,CO,H 

n-Butyric Acid. 


^y>>CH.CO,H 
Isobutyric Acid. 


|CTl8.CH2.CH(OH).C02H o-Hydroxybutyiic Acid (p. 365) 
CH8.CII(OH).Cll|.COtH j8-Hydroxybutyric Acid (p. 370) 
|CHa{OH).CHj.CH8.COOH y-Hydroxybutyric Acid (p. 374) 

^^»>C(0H).C02H . . o-Hydroxyisobutyric Acid 

m.H . . . jS-Hydroxyisobutyric Acid (un« 

known). 




These alcohol-acids are divided into— 

Primary acids: Glycollic acid, hydracrylic acid, y-hydroxybutyric acid, j 9 -hydroxy- 
isobutyric acid. 

Secondary acids : a-hydroxypropionic acid, a-hydroxybutyric acid, jS-hydroxy* 
butyric acid. 

Tertiary acids ; a-Hydroxyisobutyric acid. 
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Properties ,—^The hydroxy-fatty acids containing one OH group are, 
in consequence, more readily soluble in water, and less soluble in ether 
than the parent acids (p. 251). They are less volatile and, as a general 
rule, cannot be distilled without Recomposition. 

Reactions, —(i) The alcohol-acids behave like the monocarboxylic 
acids, in that they 5neld, through a change in the carboxyl group, 
normal salts, esters, amides, and nitriles : 

COOK COOC2H, CONII, CN 

I i II 

CH.OH CH>OH CH,OH CH,OH. 

{2) The remaining OH-group behaves like that of the alcohols, 
of which the hydrogen may be replaced by alkali metals and alkyls ; 
by acid radicals such as NO2, by the action of a mixture of con¬ 
centrated nitric and sulphuric acids ; or by a carboxylic acid residue, 
by the action of acid chlorides and anhydrides, such as the acetyl 
residue by means of acetyl chloride and anyhtiride, 

CH,.CHONO, CHj.CHOCOCHg 

COOH COOH. 

Nitrolactic Acid. Acetyl Lactic Acid. 


Both of these reactions are characteristic of the hydroxyl groups of 
the alcohols (p. 323). 

(3) PCI5 replaces the two hydroxyl groups by chlorine : 

COOH PClg COCl 

I -f =1 +;'P0CUH-2HU. 

CHjOH PUg CHjCl 

Gly^bc Chloracclyl 

Acid. Chlonde 


The acid chlorides corresponding with the hydroxy-acids are not 
known. Instead of these we get the chlorides of the corresponding 
monochloro-fatty acids, in which the chlorine in union with CO is very 
reactive with water and alcohols, yielding free acids and their esters; 
in the case cited, raonochloracetic acid, CH2CI.CO2H, and its esters 
result. The remaining chlorine atom is, on the contraiy, more firmly 
united, as in chlorethane. 

In addition to ethyl glycoUic ester there are ethyl glycollic acid and 
ethyl etho-glycoUic ester: 


COOCjH, 

CH.OIl 

Btbyl Glycollic 
Ester 


COOH 


i 


:h,.oc,h, 

Ethyl Glycolbc 
Acid. 


COOCaH, 

CHaOCaH*. 
Ethyl Etbo-glycolUo 
Ester. 


Alkalis cause the alkyl combined with CO2 to separate, forming 
etb yl glycollic acid. 

(4) The hydroxy-acids are reduced to their corresponding fatty 
acids (p. when they are heated with hydriodic acid. 

(5) Whilst in the preceding transpositions all the hydroxy-acids 
react similarly, the primary, secondary and tertiary alcohol-acids 
show marked differences when they are oxidized. 
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(a) The primary hydroxy-acids 3deld, by oxidation, aldehyde 
acids: 

CO,H CO,H COOH 

I -^ I -^ I 

CH,OH CHO COOH 

Glycollic Acid Glyoiylic Acid Oxalic Add 

(b) The secondary hydroxy-acids yield ketone acids: the a-ketonic 
acids change to aldehyde and COg, the j 3 -ketonic acids to ketones 
and CO2: 

COaH CO,H * CO, 

1 -I -^ 

CHaCHOH CH,CO CH*CHO. 


(c) Tertiary a-iiydroxy-acids yield ketones: 

^{]’>C(0H)C0,H+0=chJ>C0+C0,+H,0. 

(6) The a-hydroxy->acidi» undergo a similar decomposition when heated with 
dilute sulphuric or hydrochloric acid or by action of concentrated H^SO, Their 
carboxyl group is removed as formic acid (when concentrated H^SO, is employed, 
CO and H ,0 are the products): 

(CHa)/ (OU)COaH=. (CH,)aCO+HCOaH 

CH,CH{ 0 H)C 03 H -CH, cho+hco,h 

Another alteration is undergone by the o-hydroxy-acids at the same time, 
which however, docs not extend far * watoi is eliminated, and unsaturated acids 
are produced. Ihis change is easily effected when PCI, is allowed to act on the 
estcis of o-hydroxy*acids (p 291) 

(7) Especially mteiesting is the behaviour of the a-, y-, or 8-hydroxy- 

acidb in respect to the clumnation of water from carboxyl and alcoholic hydroxyl 
groups 

(a) Ihe a^hviiroxy-aoids lose water when they arc heated and become cyclic 
double estefs —the lactxdes —in the foimation of which two molecules of the 
a-hydroxy-aeid have taken part 

COOH HO CII CII, CO O CH CH, 

1+1 - I I +211,0. 

Cllat HOlH not O CH,CHO-CO 

• Hydroxypropionic Acid or Lactic Acid Lactide. 


{b) When the p hydroxy-acids are heated alone, water is withdi v\n and un- 
saturated acids are the products (p 291, C 1897, I ^63): 

CH,(OH) CH,C 0 , 1 I -= CH, * CHC 0 ,H+H, 0 . 

e Hydroxypropionic Acid Acrylic Acid 

llydracryhc Acid 

(c) The y- and h-hydroxy-acids lose water at the ordinary tempera¬ 
ture, and change more or less completely into simple cyclic the 
y- and 8-lactones, 

The a , p-, y- and S-amido-carboxylic acids corresponding with the a-, P-, y- 
and $-hydroxy-acids. show differences similar to those manifested by the latter. 


STRUCTURE OF NORMAL CARBON CHAINS AND THE FORMATION OF 

LACTONES 


The peculiar differences m the behaviour of the a-, P-, y* and 8-hydroxy-acida 
when they split off water have contributed to the development of a representation 
of the spaciai amiagement or configuration of carbon chains (B. IS, 630}. The 
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assumption that the atoms o£ a molecule not linked to each other in a formula can 
exert an affinity upon one another has led to the idea that, in a union of more 
than two C atoms, these atoms arrange themselves not in a straight line, but 
upon a curve. Wc can then comprehend that cyclic, simple ester formation can 
not take place between the first and second carbon atoms, rarely between the 
second and third, but readily between the first and fourth or first and fifth carbon 
atoms, which have approached so near to each other that an oxygen atom 
is capable of bringing about a closed ring (see Alkylcne Oxide, p. 317, and 
Alkylene Imines, p. 334, as well as the strain theory of w. Bacyer in the introduction 
to the carbocyclic derivatives, Vol. II.). 


A. SATURATED IIYDROXYMONO-CARBOXYLIC ACIDS, HYDROXY- 

PAKAFEIN MONOCARBOXYLIC ACIDS 

a-Hydroxy-acids. 

(i) Glycollic Acid, Hydroxyacetic Acid [Ethanol AcidJ, CHg-OH.- 
COOH, m.p. 8c“, occurs in unripe grapes and in the green leaves of 
N^irginia creeper, Ampelopsis hederacea. 

History .— Glycollic acid was first obtained in 1848 by Strecker trom amino- 
acetic acid or glycocoll — Whence the name—according to the sixth mithod of 
formation (p. 35 ^)* 1856 Debus discovered it together with glyoxal and 

glyoxylic acid among the oxidation products obtained from ethyl alcohol by the 
action of nitric acid. IVurtz in 1857 observed its formation in the oxidation of 
ethylene glycol^ and KekuU in 1858 showed how it could be made by boiling a 
solution of potassium chlorucetate (A. 105 , 286; comp. B. 16 , 2414 : A. 200 , 
75 ; B. 26 , R. 606). 

It is also produced by the action of potassium hydroxide on glyoxal 
(p. 34 ^)» by the reduction of oxalic acid method of formation (No. 2, 
p. 357), and from diazoacetic ester (method of formation No. 7). Its 
nitrile results when hydrocyanic acid acts on formaldehyde (method No. 
9), and is converted by hydrochloric acid into glycollic acid. It is also 
formed with hexamethylene tetramine when formalddiyde is warmed 
with KNC (C. 1900, I. 402). It also appears in the oxidation oi 
glycerol and dextrose by silver oxide. 

Glycollic acid crystallizes from acetone. It is very soluble in water 
and alcohol, Diglycollidc and polyglycollide (p. 367) are produced 
when it is heated. Nitric acid oxidizes it to oxalic acid. When heated 
with concentrated sulphuric acid, glycollic acid decomposes into 
trioxymethylene {metaformaldehyde, p. 199), carbon monoxide and 
water). 

Calcium Salt, (CH20HC02)2Ca +3H2O; ethyl ester, CH2OH.CO2C2H5. 
b.p. 160°. 

Trichlorethyl alcohol (p. 117) can be regarded as being the 
chloride of orthoglycollic acid. 

(2) Lactic Acid of Fermentation, a-Hydroxypropionic Acid, Ethyli- 
(/meLactfCilcid, [d+l]/,flc«Ci 4 c»i [2-PropanolAcid],CH3CH{OH)C02H, 
m.p. 18®, b.p.12 I20°* (B. 28 , 2597), is isomeric with p-hydroxypropionic 
acid, hydracrylic acid, [3-propanol acid], CH2OH.CH2CO2H, which 
will be discussed later as the first )3-hydroxy-acid. 

Lactic Acid is formed by a specii fermentation, the lactic acid 
• fermentation of lactose, sucrose, gum and starch. It is, therefore, 
contained in many substances which have soured—in sour milk, 
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in sauerkraut, pickled cucumbers, common (or lesser) centaury 
(Eryihroca ceniaurium), also in the gastric juice. 

Methods of Formation, —The acid is artificially prepared by the 
methods already described: (i) from a-propylene glycol; (2) from 
pyroracemic acid; (5) from a-chloro- or bromo-propionic acid; 
(6) from alanine; (9) from acetaldehyde arid hy^ocyanic acid; 

(13) by heating isomalic acid, CH8C(OH)(COOH)2 (B. 26 , R, 7). 

Other methods of foimation are: the action of heat on dextrose or sucrose 
with water and 2-3 parts of barium hydroxide at 160^; prolonged contact of 
hexoses with dilute sodium hydroxide solution (B. 41 , 1009); the interaction of 
pentoses, such as arabinose and xylose with warm potassium hydroxide solution 
^ (B. 85, 6O9): heatini' a-dichloracetone, CHj.CO.CHClj, with water at 200®, and 
oxidation of acetol (p. 341), all depend on the transformation of pyroracemic 
aldehyde. 

Lactic Acid Fermentation. —This fermentation is induced in sugar solutions 
by a particular ferment, the lactic acid bacillus, Bacillus acidi lacH, which is 
present in dectiym** cheese. ^ It jirocceds most rapidly at temperatures ranging 
from 35® to 45° (C. ib97, II. 338) It is noteworthy that the bacillus is very sensitive 
to tree acid. The fermcmtation is ariostcd when sufficient lactic acid is produced, 
but is again renewed whoa the acid is neutralized. Therefore, zinc or calcium 
carbonate (t. 1H97, II. zo, 937) is added at the beginning, and the lactic acid 
thus obtained cither as the calcium or zinc salt. Should the fermentation con¬ 
tinue for some tinu*, the lactic vill pass into butvnc fermentation, the insoluble 
calcium lactate will disappear, and the solution will at last contain calcium 
butyrate (comp. n-Bulync Acid, p. 259). On the formation ot lactic acid as 
an intcrmcdidtc product in tin* fermentation of dextrose to alcohol and CO2, see 
B. 37, 421 ; A. 349, 125. 

History. — Scheele (1780) discovered lactic acid in sour milk. In 1847 Liebig 
demonstrated that the sarcolactic acid found by Berzelius (180S) in the fluids of 
the muscles was diilcrent liom the lactic acid of fermentation. Wurtz {1858) 
described the formation of fermentation lactic acid lioni a-propylcne glycol and 
air in the presence oE platinum black, and recognized that it was a dibasic acid. 
Kolbe (1850) obt.\m*»d lactyl chloride by the action of PCI 5 on calcium lactate. 
This body is identical with chloroi)ropionyl chloride, and lactic acid is therefore 
monobasic and must be considered as hydroxypropionic acid. Later (i860) 
Wurtz calk'd it a diatomic, monobasic acid, meaning to indi te thereby that one 
oJ tlie two typical hydrogen nloms is more basic than the other. “ But it is much 
more bi*>niijcant when‘Ke/iul/ du'lares that it is simultaneously an acid and an 
alcohol ’*(11 20 , U. 948). Sireiker was tlie first to synthesize the acid from 
synthetic aiuidolactic acid or alanine, which had also been prepared by him 
through the interaction of hydrazonic acid and aldehyde ammonia. 

Fermentation lactic acid is a syrup soluble in water, alcohol and 
ether, and is optically inactive (C. 1905, II. 1527). Placed in a desic¬ 
cator over sulphuric acid, it partinlly decomposes into water and its 
anhydride. When distilled it yields lactide (p. 367), aldehyde, carbon 
monoxide and water. 

Heated to 130® with dilute sulphuric acid, it decomposes into alde¬ 
hyde and formic acid ; wlien oxidized with KMn04, it yields pyro¬ 
racemic acid; whilst with chromic acid, acetic acid and carbon dioxide 
are formed. Heated with hydrobromic acid, it changes to a-bromo- 
propionic acid. 

Hydriodic acid at once reduces it to propionic acid, and PCI5 
changes it into chloropropionyl chloride (p. 360). 

Lactates. —The sodium salt, ClIsCH(OH)C02Na, is an amorphous mass. When 
heated with metallic sodium, disodium compound, CH|CH(ONa)CO|Na, results; • 
calcium salt, (CsHft)|)aCa-h5H20, is soluble in ten parts of cold water, and it 
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very readily dissolved by hot water; Mine soli, (C,Hj08)jZn4-3HjO, dissolves in 
58 parts of cold and 6 parts of hot water; iton salt, (C3HjOs),Fe+3HjO. 


The chloride of oriholaciic acid, CH3CH(OH)CCl3, m.p. 50°, b.p, 161°, 
has already (p. 118) been referred to as trichhinsopropyl alcohol. It 
is also obtained from chloral by means of methyl magnesium iodide, 
and constitutes the soporific Isopral, With sodium cthoxide it forms 
ethyl a-ethyl lactate (p. 36b) (C. 1904, I. 636; 1905, I. 344; B. 40, 
212). 


The Optically Active Lactic Acida. 

The optically inactive, fermentation lactic acid contains an asym¬ 
metric carbon atom indicated in the formula CH3.CH(0H)C02H by 
the small star. The acid can be resolved by strichnine, morphine, 
or quinine, into two optically active components,—dextro-lactic (^^-) 
acid and laevo-lactic (/-) acid,—possessing similar but opposite rotary 
power. Tile strychnine salt of the Ijevo-acid crystallizes out first, 
whilst the quinine salt of the dextro-acid is obtained first (B. 24, R. 
794 ; C. 1906, I. 1150; II. 499). 

It must be noticed again here, that those optically inactive compounds 
which can he split into two optically active isomers or can be formed from 
these, are referred to as racemic [ti+1] modifications (comp, p, 56). 

On mixing solutions of equal quantities of Isevo- and dextro-lactate 
of zinc, the zinc salt of fermentation lactic acid will be produced, and, 
being more insoluble, will crystallize out. The dextro-modification 
will remain, if Pcnicillium glaucum is permit led to glow in the solution 
of inactive ammonium lactate (B, 16, 2720), whilst the Icevo-rotatory 
modification is produced in the breaking down of a sucrose solution 
by Bacillus acidi lavolactici (B. 24, R. 150). 

The active lactic acids are connected with the active a-bromo- 
propionic acids (p, 288) in the following manner : cf-bromopropionic 
acid with potassium hydroxide solution gives rf-lactic acid; silver 
carbonate, however, pioduces the /-acid; the /-bromopropionic acid 
behaves vice versd (comp. Walden's Invasion, p.* 55 ; and B. 100, 

1193): 


Ag^O j 


KOH 

^/-Bromopropionic acid —-^-Lactic acid 

KOH 

/-Lactic acid-^^ /-Bromopropionic acid 


AgiO 


rf-Alanine (rf-a-aminopropionic acid, p. 389) yields, with nitrous 
acid, rf-lactic acid. This provides a link between ^/-lactic acid and 
tartaric acid, wherefrom the probable configuration for dr and /-lactic 
acid is obtained (comp, also p, 31; against this, however, B. 41, 
894): 

COOH COOH 


HO—C—H 


i, 


:h. 

i<*Lactic Acid. 



CH, 

-Lactic Acid. 


On i-alanine, /-serine, i-glyceric acid, etc., see B. 50, 3718. 
Saroolaotic Acid, Dextro-lactic Acid, Pardactic Acid, was dis¬ 
covered in 1808 by Berzelius in the fluid of the musclesr, and shown by 
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Liebig (1848) to be different from the lactic acid of fermentation. It 
is present m different animal organs, and is most conveniently obtained 
from Liebig's beef-extract, 

Sarcolactic acid is also formed during butyric fermentation (p. 259) 
by the granulo-baciUus and other butyric ferments (C. 1900, I. 777). 

Dextro- and Isevo-lactic acid, m.p. 26® appiox, aie very 
hygroscopic bodies. Alkali converts the Z-acid very rapidly into the 
[d+r\ modification, whilst the ^Z-acid is changed more slowly (C. 
1904, II, 641). 

The rotation of an approximately 1*24 ]^br cent, solution of the 
ciystallized acid in water is ±2‘24° (C. 1906,1.1150)- 

The dextro- and l3e\o-lactates of zinc crystallize with 2 molecules 
of water (€311503)2211-1-21120. For other salts, see B. 29, R, 899. 
Zme i-lactate rotates the plane of polnnzation to the left, whilst the 
/-lactate rotates it to the right: [a]g'=±8'6°. 

Homologous a vlydroxjwacWs,— The hoinolo.;ous a hydroxy-acids are, from 
the very nature o£ things, either secondary or tertiary alcohol a^ids Glycollic 
acid IS the only primary a-alcohol acid (a) The secoytdary alcohol acids are 
generally foimcd (i) from the coircsponding a-halogrn fatty acids (method 5), 

(2) mulens-synthelic, from aldch>des and hydrocyanic acid, and subsequent 
saponification of the nitriles of the hydroxy-acids by means of hydrochloric acid 
(method 9) (6) I he tertiary hydroxy acids result— 

(1) 110m the oxidation of dialkvl acetic acid (general method 3) 

(2) Upon treating a-ketone alcohols with alkalis and air (method 8. p 358) 

(3) By the action of hydrocyanic acid and hydrochloric acid on ketones 
(metnod o) 

(4) When 7inc and alkyl lodi n k t with oxalic ester (method n, p 358) 

(5) From a k{ tone acid esters and nngnesium alkyl halides (C X902, II 1359 ). 

Hydroxybutyric Acids.—houi of the hve possible isomers are known, two 

of these aif a-hydioxy-acids (f) a Il\droxybutvric Acid, C H|CH3CH(OH)COsH. 
m p 43®, has been resolved by brueme into its optically active components 
(B 28 , R 278, 325, 725) (2) a Hydroxyisobutync Acid Butyl Lactic Acid, Ace- 

tome Acid Dimethyl Oxalic And r2-Mothvl-2-pro]ianol Acid], (CH 0 *C(OH)COOH, 
rnp 79® bp 212®, IS obtained from dimethyl acetic acid, from acetone and 
fiom o\ilu (stcr (sec above) hence the names acetonic acid and dimethyl 
ox ilir acid It is prpdiu ul w bt n isoamylene glycol is oxidized by mtnc acid, 
and IS obtained from a bromo and a-amidobutync acid as w ell as from amyl 
pyroracemate and CHjMgl and from acetone chloroform It occurs m the 
unne durmg (C 1899,11 63) 

Acetone Chloroform, (CH3)9C{OH)CCl„ mp 91®, bp 167®, is obtained by 
the union of acetone andcliloroform in the presence of alkali hydroxides It is a 
derivative of a-hydroxyisobutviic acid, the chloride of ortho-o-hvdroxyisobutync 
acid (p 235) which stands in the same relation to a-hydroxyisobutyric acid that 
chloroform does to formic acid Aqueous alkalis convert it into a-hydroxyl- 
isobutync acid (Willgerodt B 20 , 2415; 29 , R 90S; C 1898, 11 277, 1902, 

1 176) It acts as an anirsthctic and an antiseptic 

In the presence of phenols and sodium hydroxide solution, acetone and chloro¬ 
form yield a-phenoxyisobulync acids, C9ll30U(CHa)jC00H (C I 9 it>, II $z 6 ), 

a-Hydroxyvaleric Acids: 

a Hydroxy-n-valertc Acid, CH, CH* CH, CH(OH) CO*H, mp 28-29® (B. 

R 79) • 

a-Hydroxytsovalertc Acid, (CHa)*CH CH(OH)COjH mp 86®, is prepared 
from dimethyl pyroracemic acid (p 408) (A 205 , 28 , B 28,296, C 1902, 1 . 251). t 

r*T4 .. 

Methyl Ethyl GlycoUic Acid, (^^=*>C(OH) CO,H, m p 68® (A 204 , 18) 

a-Hydroxyoaprolc Acids, a Hydroxy-n-capro%c Acid, CH3[CHt]aCH(OH)COOH, 
m.p. 6x®, is prepared from a-bromo- or a-amino-n-capioic *acid. a-Hydroxy-%so~ 
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caproic Abid, Lmcic Acid, (CHa),CH.CH,ClI(OH)COOH. m.p. 73®, is obtained, 
from leucine (p. 389) by means ot nitrous acid {Strecker, 1848). a~Hydroxy-dietkyl 
Acetic Acid, Diethyl Oxalic Actd, {C|H5)jC(OH).COOH, m.p. 80* (A. 200 , 21). 
a-Hydroxy~methyl Isopropyl Acetic Acid, {CH,)jCH.C(CH8)(OH)COOH» m.p. 
63® (C. 1898, I. 202). a-Hydroxy-iert.-buiyl Acetic Acid, (CIl 3 )aC.CH(OH)COOH, 
m.p. 87®, is obtained from trimethyl pyroracemic acid (p. 408) by reduction. 

Higher a-Hydroxy-fatty Acids: p~Diethyl Ethylidene Lactic Acid, (CgHj),- 
CH.CH(OH)COOH. m.p. 82°, is prepared from y-bromo-y-acetoxy-a-dicthyl 
acetoacctic ester, (CiH 5 )jC(COOR)CO.CH 13 r(OCOCH 3 ), by means of the cleaving 
influence of dilute sul))Iiuric acid (B. 31 , 2953). a-Hydroxy-n-caprylic Acid, 
CHj[CHJ 5CH(OH)COOH, m.p. 69-5®, is obtained from a?nantliol. Di-n-propyl 
Glycollic Acid,arHydfoxy-dtin-propyl Acetic Acid, (CsH7)2r(OU)C'OOH, m.p. 72®, 
is prepared from butyrom (p. 342) (B. 23 , 1273). Ot-isoptopyl Oxalic Acid, 
a^Hydfoxy-di’isopropyl Acetic Acid, (C,H7)C(0I1)C001I, m.p. iii® (B. 28 , 2463). 
Di-isohitiyl Glycol he Acid (C4H3)jC(OH)COOII, m.p. 114°. Methyl NortyI Glycollic 
Acid, (C,lI],)C(CH5)(Cll)COOU, m.p. 46°, is obtained from methyl nonyl 
ketone (C. 1902, I, 744). 

a-Bromo-fatty acids have yielded the following: a-IIydroxylauric Acid, 
CiiHj2(01i)C00H, m.p. 74® (C. 1904. I- 261); a-Hydroxymyrisiic Acid, C,,ll,s- 
(0H).C02il. m.p. 51® (B. 22,1747); a~ Hydroxy palmitic li/, CiBH 3 o(OH)COaIf, 
m.p. 82°* (ii. 24 , 939 ) ; a~IIydroxystearic Acid, 0^7H34(0n)C02ll, m.p. 85® 
(B. 24 . 2388). 

In the following pages those a-hydroxy-acid derivatives will be described 
which belong to glycollic and lactic acids. 


Alkyl Derivatives of the a-Hydroxy*acids. 

A single a-liydroxy-acid yields three kinds of alkyl derivatives: ethers, esters 
and ether-esters : 


coon 

1 

CHaOH 

Glycollic 

Acid. 


coon 

I 

CH^OCjlI^ 
Ethyl Glycollic 
Arid. 


COOCjHj 

I 

cHaOn 

Glycollic Ethyl 
E>tcr. 


COOCjHj 

I 

Ethyl Glycollic 
Ethyl Ester. 


(1) The alkyl-ethers of the a-hydroxy-acids are obtained (i) by the action of 
sodium alcoholdtes on salts of the o-halogcn substitution products of the fatty 
acids ; (2) by the saponification of the dialkyl ether esters or alkyl ether nitriles 
(p. 380) of the a-hydroxy-acids. 

Methyl-ether Glycollic Acid, CHgOCIIj.COOH, b.p. 198". Ethyl Glycollic 
Acid, b.p. 206-207“; chloride, b p. 128® (J. pr. Ch. [2] 65, 479 : C. 1907, I. 871). 
a-Ethoxyl Propionic Acid, CHjCF^OCjHai.COaH, b.p. with partial decomposition 
195-198®. It is split up by means of cinchonidinc or morjjhine into its two 
optical components, which arc remarkable for their large rotations. 

(2) Alkyl Esters of the a-hydroxy-acids result (i) on heating the free acids 
with absolute alcohol ; (2) when the cyclic double esters, the lactidcs, are heated 
with alcohols. Glycollic Methyl Ester, CHj(OH)COOCH3, b.p. 151®. Glycollic 
Ethyl Ester, b.p. £60°. Lactic Methyl Ester, CnaCH(01I)('03CH,, b.p. 145®. 
Lactic Lihyl Ester, b.p. 154*5®, 

(3) Th* dialkyl-ethyl esters of the a-hydroxy-acids are produced (i) when 
sodium alcoholates act on the esters of a-halogcn fatty acids; (2) by the 
interaction of alkylogens and the sodium derivatives ol the alkyl esters of the 
a-hydroxy-acids. 

Methyl Glycollic Methyl Ester, CHj(OCH3).COOCHj, b.p. 127®; ethyl ester, 
b.p. 131“- ^Ahyl Glycollic Methyl Ester, CH2(O.CiH,)CO.OCH8, b.p. 148®. 
Ethyl Glycollic Ethyl Ester, b.p. 152® (B. 17, 486). Methyl Lactic Methyl Ester, 
CH8CH(0CH3)C00(:H3, b.p. 135-138®; ethyl ester, b.p. 135*5®. Ethyl Lactic 
Ethyl Ester, CH,.CH(0(:3n5).ro6C2nfi. b.p. 155“ (A. 197 , 21 ; B. 40 , 212). 

Anhydride Formation of the a-Hydroxy-Aoids. 

Since the a-alcohol-acids possess the characteristics of both car¬ 
boxylic acids and alcohols, they are capable of forming various types 
of anhydrides. These may occur between the alcoholic groups of two 
molecules {dicarboxylated ethers or ether acids), between the carboxylic 
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groups, between the alcoholic groups (dihydroxylated carhoxylic 
anhydrides and ether carboxylic anhydrides), and, finally, between the 
alcohol group of one molecule and the carboxylic group of a second 
(alcohol ester acids or semilactides and cyclic double esters or laciides). 
The best example for examination is glycollic acid. 


, ri^CH.COOH 

^^CH.COOH 
^ HOCH.CO^,^ 
HOCH,CO-^'^ 

3- o<8n:c8>o 


Alcohol anhydride of glycollic acid : DiglycolHc Acid 
Glycollic anhydride is not known. 

Alcohol- and acid-anhydride of glycollic acid ; Diglycolhc 
Anhydride. 


HOCO^H Open ester acid : Clycollo-glycollic Acid. 

5. 0 <SSi 9 P '>0 Closed, cyclic double ester of glycollic acid: Glycollide, 

simplest Lactide. 


Dlglycollic Add, the alcohol anhydride of glycollic acidt is formed 

together with glycollic acid on boiling monochloracctic acid with lime, baryta, 

4 CF^ f 

magncsiit, or lead oxide, and in the oxidation of dicthylene glycol, 

(p. 313). Diglycollic acid crystallizes with water in large rhombic prisms. 

('ll ('() 

Diglycollic Anhydride, m.p. 97®, b.p. 240*. is isomeric with 

glycollide. It is obtained from glycollic acid by a simultaneous alcohol-anhydride 
ami acid-anhydride formation. It also results upon heating diglycollic acid, or 
by boiling it with acetyl chloride (A. 273 , O4). 

Dilactylic Acid, ©(C'HjCHCOOHla, has received little attention. 
GlycolloglycoUic Acid, CH2(011)C00CH2C00H, generally termed glycollic 
anhydride, and Lactvlolactic Acid, CH8CH(OH)COOCH(CH8)COOH. commonly 
called lactw anhydride, have not been well studied. They are produced when 
the free a-hj'droxy-acids are heated to too®, and constitute intermediate steps in 
the lactide foimation (B. 23 , R. 325). Distillation of lactic acid produces 
lactyl lactic acid, lactide, and also Lactyl Acetyl Lactic Acid, CH8CH(OH)COOCH- 
{CH3)C00CH(C1I*)C00H, m.p. 39“, b.p. 235-240® (C. 1905, I. 862). 


Lactides: Cyclic Double Esters of the a-Hydroxy-aclds. 

('ll <'r\ 

Diglycollide, 0 <( 7 oc'H produced when polyglycollide is 

distilled under greatly reduced pressure. When heated at the ordinary pressure, 
or if kept, it reverts to polyglycollide, from which it differs by its lower 
melting point and ready solubility in chloroform. It combines readily with 
water (A. 279 , 45). 

Polyglycollide, (CiHiOslx, m.p. 223®, is formed on heating glycollic acid, and 
when dry sodium chloracctate is heated alone to 150®. It passes into glycollic 
esters when heated with alcohols in sealed tubes (A. 279 , 45). 

Lactide, 0 <coot?Ch 8 ^®’ ™ P * 35 °. b.p.,, isS" (B. 28 , 

2595). results on heating lactic acid under diminished pressure. It can be 
recrystallizcd from chloroform (A. 167 , 318 ; B. 25 , 3511 ; 28 , 2595). d~ and 
ULactide, m.p. 95® (C. 1906, I. 1329). The optical rotation of the lactic acids is 
increased greatly by lactide formation. Homologous lactides, see B. 26 , 263; 
A. 279 100. 

COO V 

Cyclic Ether Esters.— Glycollic Methylene Ester, | ^CHj, is obtained from 

CH,o/ 

glycollic acid and formaldehyde (C. 19 ®*» 1261). Glycollic Ethylene Ester^ 

COOCH* 

I I , m.p. 31®, b.p. 214® (B. 27 , 2945). 
dHjOCH, 

COO. 

Methylene Lactate, \ yCH*, b.p. 153 ® (B. 28, R. i 8 o)a 

CHjCHQ/ 
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coo. 

LacHc Ethyliden0 Ester, | yCH.CH., b.p. 151*, is produced when 

CH,CHO/ 

lactic acid and acetaldehyde arc heated to 760**. Its hexachloro^derivative is 
chloralide (below). 

Acid Esters of the a-Hydroxy-aclds. 

Nitroglycollic Acid, tn.p. 54®, results, together with nitroglycollyl glycollic acid, 
NOjOCHjCOOCHaCOOH, from glycollic acid and nitrosulphuric acid. 

Nitrolactic Acid, CXl3CHO(NO|)COOH, is a yellow liquid, decomposing at the 
ordinary temperature into oxalic and hydrocyanic acids (13. 12 , 1837 ; C. 1903, 
II. 488 ; 1904, 1 . 434). M^no^halogcn acetic acid (p. 287] and a-halogen propionic 
acid (p. 288) are looked on as being haloid acid esters of a>hydroxy-acids. 

Acetyl Glycollic Acid, CHaO(COCHa)COOH, m.p. 67°, b.p.|a 145®, is obtained 
from glycollic acid and acetic anhydrides; chloride, b p.14 54®; ethyl ester, 
CH,0(C0CH3)C00C3H5, b.p. 179®. Acetyl Lactic Acid, CH>CH(OCOCH,). 
COOH, m.p. 57-60®, b.p-ii 127°, is prepared from lactic acid and acetyl 
chloride; chloride, b.p.n 56® (B. 36 , 466 ; 37 , 3971 ; 88, 719: C. 1905. !• 1373 )* 

Halogen a-Hydroxy-acids. 

^-Monohalogen Ethylldene Lactic Acids.— p-Cklorolaciic Acid, CH^CICH- 
{OH)COjU, m.p. 78®. P-Bromolactic Acid, CrfaBrCHOlTCOjH, m.p. 89®. 
p-Iodolactic Acid, CHjICH(0H)C02H, m.p. 100®. These thr('n acids have been 
prepared bv adding hydrogen chloride, bromide or iodide to epihydrtn or glycidic 
I ’ \ 

acid, CH,CH( 0 )C 0 ,H. 

j8-Chlorolactic acid is also formed from monochloraldehyde by the action of 

hydrocyanic acid and by the oxidation of epichlorhydrin, <-H2CH(0)CIIjCl, and 
a~chlorhydrin, CHjClCH(OH).CH20H, with concentrated UNO, ; as well as by 
the addition of hypochlorous acid to acrylic acid (together with a-chlorhydra- 
crylic acid). 

Silver oxide converts it into glyceric acid ; when reduced with hydriodic acid 
it becomes / 3 -iodopropionic acid. Heated with alcoholic potassium hydroxide 
it is again changed to epihydric acid (see above), j ast as ethylene oxide is obtained 
from glycol chlorhydrin (p. 317). 

Higher halogen substitution products of the a-hydroxy-acids have been 
prepared by the progressive treatment of halogen aldehydes, like di- 
chloraldehyde, chloral, bromal, and trichlorolmtyiic aldehyde, with 
hydrocyanic acid and hydrochloric acid. Trichlorolactic acid has 
been the most thoroughly studied. 

fi DichlorolacticAcid, CHCls.CH(OH).CO,H. m.p. 77 “- 

/ 3 -Trichlorolactic Acid, CCl8.CH(0H)C02H, m.p. 105-110®, is 
soluble in water, alcohol and ether. Alkalis ('asdy change it into 
chloral, chloroform and formic acid. Zinc and hydrochloric acid 
reduce it to dichlor- and mono-chloracrylic acids (p. 294). 

Because ti irhlorolactic acid yields chloral without difficulty, it is converted 
quite readily, by different reactions, into derivatives of chloral, and also of 
glyoxal, probably by decomposition into dichloraldehydc and CO*. It forms 
glyoximc with hydroxylamine, and glycosin with ammonia (p. 346, and B. 17 , 

* 997 )* 

Trlohlorolaetic Etuyl Ester, CCl8CH(OH)COOC,H6. m.p. 66®, b.p. 235®, is 
prepared from chloral cyanhydrin with alcohol and sulphuric or hydrochloric 
acid (B. 18 , 754)* 

Chloralide, Trichlorethylidene Trichlorolactic Ester, CC 1 j.CH<^q >CH.CCI*, 

m.p. 114®, b.p. 272®, was first prepared by heating chloral with fuming sulphuric 
•acid to Z05®, and subsequently when tricUorolactic acid was heated to 150 with 
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eilbcess of chloral When heated to 140^ with alcohol, it breaks up into trichloi'o- 
lactic ester and chloral alcoholate {Wallach, A 193 , i). Chloral also unites with 
lactic and other hydroxy-acids, glycollic, malic, salicylic, etc , forming compound 
very similar to that with tnchlorolactic acid, known as chlorahdes (A 193 , x) 

Trlbromolaotle Acid, CBi, CH(OH)COjH, mp i4t-i43®, unites with chloral 
and bromal to corresponding chlorahdes and bromalides 

TrlohloroTalerolactloAcid,CH,CCl,CHClCH(OH) CO.H.mp 140* (A 179 , 99 ). 

/ 3 -Hydroxycarbozylio Acids. 

Generally the ^-hydroxycarboxylic acids, when heated, part with 
water and become converted mto unsaturated olefine carboxylic acids: 

-H,o 

CH,OHCH,CO,H - >- CH,=CHCO,H. 

Ethylene Lactic Acid or Hydracryhc Acid Acrylic Acid 

In the case of the higher homologues of ethylene lactic acid, when 
water is eliminated, both aj 3 - and jSy-olefine carboxylic acids (B. 26 , 
2079) lesult. 

a-Dialkyl P-Hydroxy-Uctds and their esters are prepared from the 
dialkyl acetoacetic esters by reduction, and from aldehydes, a-bromo- 
dialkyl acetic esters by ^inc. Those which possess no hydrogen 
atom m the a position free to take part m the splitting off of water 
decompose in various ways: when heated, some are converted into 
a mixture of aldehydes and dialkyl acetic acids, others yield seim- 
lactides, such as the a-hydroxy-acids (p 366) (C 1904, I. 1134): 

CHsCH(OH)C(C,H5)iCOOH=CHaCHO-fCH(C,lI,),COOH 
A Diethyl p hydroxybutyric Acid Diethyl Acetic Acid. 

CH,(OH)C(CH,)aCOOH 

Hydroxypivalic Aad 

-^ CH,( 0 H)C{CII,),C 00 [CH,C(CH,),C 00 ] 4 CH, C(CH,),C 00 H 

The esters of such acids containing free hydrogen atoms attached 
to a carbon atom in the y-position leact with P206m a benzene solu¬ 
tion and form ) 3 y-olehne carboxylic acids, m other cases atomic 
wandering occurs, and ajS olefine carboxylic acids result (pp. 293, 
371) (C. 1906, I. 999’, II. 318). 

) 3 -HydroxyacKls are produced (i) in the oxidation of pnmary-secondary and 
pnmary-tcrtiary glycols, (2) (p 357) by the reduction of ketone carboxylic 
esters (secondary hydroxy-acids), and (3) on boiling fiy or olcfmc carboxylic 
acids with sodium hydioxide furthermore, zme and the esters of the mono- 
halogen fatty acids —e g bromisobutyric ester—combine with aldehydes (isobutyl 
aldehyde) to form secondary hydroxy-acids, and with ketones to form tertiary 
) 3 -hydroxy-acids (B 28,2838,2842, C 1906,1 999, II 3x8). In these reactions 
the followmg stages can be recogui/ed :— 

I CH,C 1 CO,R'+Zn=CH,(ZnCl)COOR' 

II CH,(ZnCl)ro,R '4 (C.H.),CO = (C.H,),C<g”*^Cpi*^' 

Ethylene Lactic Acid, Hydracrylic Acid [3-Propanol Acid], 
CH2(0H).CH2 CO2H, IS isomenc with ethyhdene lactic acid or the lactic 
aetd of fermenialton, and is obtained (i) by the oxidation of tnmethy- 
lene glycol, (2) from j8-iodopropionic acid, or ) 3 -chloropropionic acid, 
with moist silver ^xide, (3) from acrylic acid by heating with aqueous 
VOL. I, 3 B 
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sodium hydroxide' to 100°; (4) by the saponification of ethylene 
cyanhydrm with hydrochloric acid. This reaction completes the 
synthesis of ethylene lactic acid from ethylene : 


k 



CH.CO.H 

>1 

CHjOH 


The free acid forms a non-crystallizable, thick S3rrup. When 
heated alone, or when boiled with sulphuric acid (diluted with i part 
H2O), it loses water and forms acrylic acid (hence the name hydra- 
crylic acid). 

Hydriodic acid again changes it to ) 3 -iodopropionic acid. It yields 
oxalic acid and carbon dioxide when oxidized with chromic acid or 
nitric acid. • 


The sodtum salt, CH2(OH)CHsCOsNa, m.p. 142-143°, and the calcium salt, 
(C,H,0a),Ca-f-2H,0, m.p. anhydrous 140-150°, when heated above their molting 
points pass into the corresponding acrylates. The zinc salt, {C,H, 0 ,),Zn 4-4H,0, 
IS soluble in water and alcohol, whereas the latter precipitat(»s zinc salts of 
the isomeric acids, p-Amyloxypropionic Acid, CjIIiiOCIl,CH,COOH, b.p.t, 
140°, yields the diamyl-ether of tetramethylcne glycol, when its sodium salt is 
electrolyzed (p. 315) (C. 1905, I. 1698). 


^-Hydroxybutyric Acid, [3-Butanol Acid], CH3 CH(OH)CHjCOjH, is formed 
(i) by the oxidation oi aldol (p. 338); (2) by the reduction of acetoacetic ester 
(p. 416) with sodium amalgam ; (3) from a-propylene chlorhydrin, Cli8CH(OH)- 
CHjCl, by the action of KNC and subsequent hydrolysis of the cyanide. It is 
a thick oil and is volatile in steam. Heat decomposes it into water and crotonic 
acid, CHa-CH : CHCOOH. Conversely, crotonic ester unites with alcohol in 
the presence of Cali,ONa to form / 3 -ethyoxybutyric ester, C2H60.CH(CHs)CHj- 
COaR (B. 33 , 3329). The racemic acid is split by means of its quminc salts; the 
/(Wo-rotatory component [a]D=—24*9° is separated out, and the (ifijrfro-rolatory 
component is obtained from the mother liquor. An optically active / 5 -liydroxy- 
butyric acid has been isolated from diabetic urine (B. 18 , R. 451). 
k-Hydyoxyisobutyric Acid, HOCHaCH((yHj).COjH, is* not known. 

Hydroxy‘n-valeric Acid, CHaCH2CH(OH).CHjCO|H (A. 283 , 74, 94). 
a~Methyl p~Hydroxybutyric Acid CH,CH(OH)CH(CiI,)COaH (A. 250 , 244). 
a Ethyl Hydracrylic Acid, is a syrup : ethyl ester, b.p. a 96°, is obtained from 
trioxymethylene and a-bromobutyric acid in benzene solution with zinc (C. 1905, 
II. 45, 540). p-Hydroxyisovalenc Acid, (CHa)8C(OH)CH,.CO|H, results when 
isobulyl formic acid is oxidized with KMn04 (A. 200 , 273). a-Dimethyl Hydra^ 
crylic Acid, Hydroxypivalic Acid, HO.CHjC(CH,)aC(JOJI. m.p. 124°; ethyl ester, 
b.p.|* 86°, is obtained from trioxymethylene, bromisobulyric ester and zinc 
(C. 1002, 1 . 643). Acetoxypivalic chloride iC. 1908, I. 1531)* 

p-Hydvoxy-n-caproic Acid, CH2CHjCHjCH(01I)ClljCOjH, is formed on 
boiling hydrosorbic acid with sodium hydroxide (A. 283 , 124). a-Ethyl p~ 
Hydroxybutyric Acid, CH,CH(OH)CH(CaH,)COaH (A. 188 , 240). a-Methyl P‘ 
Hydroxyvaleric Acid, CH*CHaCH(OH)(:H(CH,)COaH (B. 20 , 1321). 

p~Hydroxyisocaproic Acid, (CHj)2CHCH(OH)CH|C02H (B. 20 , R. 667). 
pp-Methyl Ethyl Hydracrylic Acid is obtained by oxidation of methyl ethyl 
allyl carbinol (C. 19^0, I. 1069), a-Methyl p-Ethyl Hydracrylic Acid is a syrup. 
a-Methyl a-Ethyl Hydracrylic Acid, m.p. 56®. a-Propyl Hydracrylic Acid is a 
syrup. a-Isopropyl Hydracrylic Acid, m.p. 64°. aap-Trimethyl Hydracrylic 
Acid, m.p. 31®, b.p.ii 1^18°, is obtained as an ester (method of formation. No. X2, 
p. 358). 

p iJydroxyisohepiylic Acid, (CHa),CHCH,CH(OH)CH,CO|H, m.p. 64° (A. 
283 , 143)- 



LACTONES 


371 

fi~Methyl Propyl Ethylene Lactic Acid, (CHj)(C*H,)C(OH)CH,CO,H, is pro¬ 
duced in the oxidation of methyl allyl propyl carbinol (J. pr. Ch. [2] 23 , 267). 

p-Diethyl Ethylene Lactic Acid, (CjHg),C(OH)CHjCOjH, results from the 
oxidation of diethyl allyl carbinol (J. pr. Ch. [2] 28 , 201) (p. 124). a-Methyl 
Ethyl p-Hydroxybutync Acid. CH,CH(OH)C(CH,)(C,H.)COaH (A. 188 , 266). 
Tetrameihyl Ethylene Lactic Acid. (Cna),C{OH)C(CH,),CO,H, m.p. 152*, is pre¬ 
pared from acetone bromisobutyric ester and zinc. It yields CO, and dimethyl 
isopropyl carbinol when heated. The ester and P, 0 , yield dimethyl isopropenyl 
acetic acid (B. 28 , 2829 ; C. 1906, I. 909). a-Dimethyl p~Ethyl Hydracryhc Acid, 
C,H.CH(OH)C(CH,),COOH, m.p. 103® (C. 1901,1* 1190). B-Hydroxyiso’octylic 
Acid. (CH5)2CHCH,CII,CH{0£l)Cn,C0,H. m.p. 36® (A. 283 , 287). 

a-Methyl Propyl fi-Hydroxybutync Acid. CH,CH(OH)C(CH3)(C8H,)CO,H (A. 
228 , 288). a-Diethyl P-Hydroxybntync Acid. CH,CH(OH)C(C,H8),CO,H (A. 201 , 
65 ; 266 , 98). a~D%metkyl p-Isopropyl Ethylene Lactic Acid. (CH,),CH.CIl(OH).- 
C(CH,),.CO,H, m.p. 92° (B. 28 , 284^), is obtained also by oxidation of the corre¬ 
sponding glycol (p. 316) or aldol (j). 373) (C. 1902, 1 . 461). 


The y~ and S-Hydroxy-acids and their Cyclic Esters, the y- and 
S-Lactones.—^The y- and S-hydrox3^-acids arc distinguished from the 
o-and j8-liydroxy-acids*.by the fact mentioned (p, 362) that they 
are capable of forming simple cyclic esters, when the carboxyl group 
enters into reaction with the alcoholic hydroxyl group. This is a 
reaction that is accelerated by mineral acids in the case of the forma¬ 
tion of the ordinary fatty acid esters. The cyclic esters of the y- and 
S-hydroxy-acids are called y-Lactones and S-Lactones. In the first 
there is a cliain of four, in the second a chain of five carbon atoms 
closed by oxygen. They sustain the same relation to the oxides of 
the y- and S-glycols, and to the anhydrides of the y- and h-dicarboxylic 
acids, that the open carboxylic esters bear to llic elliers of the alcohols 
and fatty acid anhydrides. Suppose, for example, that a hydrogen 
atom has been removed from cacli methyl group in the formulae of 
ethyl ether, acetic ethyl ester and acetic anliydnde, and the methylene 
residues aic then joined to each other, we then arrive at the formulae 
of tctraiaethylene oxide, y-butyrolactone and succinic anhydride. 
The following scheme repiesents these relations : 


CH3rH • 
CH, 

Rthyl Ether, 


CH jCO 
CH,.CH_ 

Acetic Ethyf Ester. 


>0 


CHjCO 

CHaCO 
Acetic Anhydiide. 



Cltj.Clla 

CIIa.CHj 
Tetrametbylene Oxide. 



aClIaCO V 

I > 

jSCHaCIIsy/ 

y-Butyrolactone. 


CHaCOv 

I >0 

CHjCO'' 
Succinic Anhydride. 


This lactone formation occurs more or less easily, depending upon 
the constitution of the y-hydroxy-acids. The very same causes which 
influence the anhydride formation with saturated and unsaturated 
dicarboxylic acids {q.v.), exert their power with the y-hydroxy-acids. 
It has been seen “ that increasing magnitude or number of hydro¬ 
carbon residues in the carbon chains closed by oxygen favours the in¬ 
tramolecular splitting-off of water among the y-hydsoxy-acids ” (B. 24 , 
1237). When the y-hydroxy-acids are separated from their salts by 
min eral adds they break down, especially on warming, almost 


* The lactone of a /S-hydroity-acid is exemplified by asym.-dimetbyl malic 
actone (q. 9 .). 
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immediately into water and lactones. It is only when the latter are 
boiled with alkali carbonates that they are converted into salts of the 
hydroxy-adds. This is more readily accomplished through the agency 
of the alkali hydroxides. The y-lactones are characterized by great 
stability, being only partially converted into hydroxy-acids by water, 
after protracted boding, whereas those of the 8-variety gradually 
absorb water at the ordinary temperature and soon react acid (B. 

373 )- 


History .—^Tlie first (T873) discovered aliphatic lactone was butyrolactone, 
obtained by Saytzeff, who, however, regarded it as the dialdehyde of succinic 
acid. Eflenmeyer, Sr. (1880), expressed the opinion that lactones could only 

1 ■ ■ I 


exist when they contained the group C—C—C—COO, which is present, as is well 
known, in the anhydrides of succinic acid (B. 18 , 305). Almost immediately 


afterwards J. Bredt demonstrated that isocaprolactone, from pyroterebic acid, 
was in fact a y-lactonc (B. 13 , 74S). Fttiig, as the result of a series of excellent 
investigations, established the genetic relations of the lactones to the hydroxy- 
acids and unsaturated acids, and taught how this cl^ss of bodies could be produced 
by new methods. E. FUcher has shown tha^ polyhydroxylactones play an 
especially important rdle in the synthesis of the various varieties of sugar. 


The general methods of formation of the y-hydroxycarboxylic acids 
and their cyclic esters—^the y-lactones: 

(1) By the reduction of the y-ketone carboxylic acids with sodium 
amalgam: 

CH,C0.CH2CH,C00H-f2n---CH,CH(01I)CH,CH,C0aH. 

Lsvuhnic Acid. yHydroxyvalrnc Acid. 

(2) From the y-halogen fatty acids : [a) by distillation, when the 
lactones are immediately produced: 

ClCH,CHaCH,CO,H-^ C^H,CH,CH,CO(i+Ha ; 

(6) by boiling them with water, or with alkali hydroxides, or carbon¬ 
ates. In the latter case y-lactones are even produced in the cold. 

(3) From unsaturcUed acids in wliich the double union occurs in 
the jSy- or yS-position, that is, from the A*-(j 3 y)- or A*-(y8)- unsaturated 
acids * 

{a) by distillation; 

(6) by digestion with hydrobromic acid, when an addition and 
separation of hydrogen bromide occur ; 

(c) by digestion with dilute sulphuric acid (B. 16,373 ; 18 , R. 229 ; 
29 ,1857): 

CHa=-^TICH,CHaCO,H 

AUyl Acetic Acid. y-Valerc^ctone. 


CHXHCH.CH.CO( 


(4) By tlio decomposition of y lactone carboxylic acids into y-lactones 
and CO2, by distillation, whereby the isomeric unsaturated acids are 
also produced (pp. 292, 300): 


^^»>c.ch(c6oh).ch,co< 


Terebic Acid. 


^y»>(!,CH,.CH,.Coi -f-CO,. 

Isocaprolactone. 


By similar reactions lactones can be formed by decomposition of the con¬ 
densation product of glycol halogenhydrin {p. 319)* {(^) with sodium aceto- 
acetic ester, and (6) sodium malonic ester. 
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(5) Reduction of the derivatives of dicarboacylic acids leads to the formation 
of glycols (conformably with method of formation 56, p. 3x0). Alcohol acids 
are formed as intermediate products during reduction; in the cases of esters, 
chlorides, or anhydrides of the succinic and glutaric acid senes, reduction with 
sodium or aluminium amalgam, or with sodium and alcohol, gives rise to a 5'*50 
per cent, yield of y- and S-hydroxy-acids and y- and 8-lactoues respectively. 


CHg—CO 

I 




CH_ 

Succimc Anhydride. 

CH —^^*>0 

Glutanc Anhydiide. 


CH, 

^ i yO 

CH,—CO ^ 
Butyrolactone. 

.CH.—CH,. 


5 -VaIrrolactone. 


CHg—CH,OH 
ing—CH,OH 

Tclramethylene Glycol. 

L ^CH,—CH,OH 

^ CH,OH 

Pentametbylene Glycol. 


Since it is possible to prcpaio the half-nitnle of the higher dicarboxylic acids 
by means of potassium cyanide, and to convert these agam into lactones, these 
reactions constitute a method for the synthesis of higher lactones out of the lower 
members. Asym.-alkyl succinic acids and asym.-alkyl glutaric acids when 
reduced yield in the main the two possible lactones (B. 86.1200 ; C. 1904, I. 925 ; 
1905, II. 755). 

Nucletis-synthettc Methods of Formation : 

(6) The action of rinc alkyls on the chlorides of dibasic acids, or of 
magnesium alkyl halides on y-ketomc acid (C. 1902, XI. X359). 

(7) KNC on y-halohydnns, and subsequent sapomhcation of the resulting 
nitnics 


Nomenclature, —y-Lactones may be viewed as a-, j 3 -, and y-alkyl 
substitution products of butyrolactone, and may be named accord¬ 
ingly ; thus, y-methyl butyrolactone for valerolactone : 

CUI, CH,COO ClI, CH, CH, COO 

I_! I_) 

The " Gkineva names " terminate in “ olide ” ; thus, butyrolactone 
=[Butanolide] ; |i,4-pcntanolide]. 

Properties of the y- and S-Lactoncs. They are usually liquid 
bodies, easily soluble in water, alcohol, and ether. They possess a 
neutral leaction, and a faintly aromatic odour, and can be distilled 
without decomposition. The alkali carbonates precipitate them 
from their aqueous solution in the form of oils. 

Reactions, —(i) They are partially converted into the corresponding 
hydioxy-acids when boiled with water. A state of equilibrium arises 
here, wliich is much influenced by the number of alcohol radicals con¬ 
tained in the y-lactones. (2) The lactones are changed with difficulty 
by Iho alkali carbonates into salts of the corresponding hydroxy-acids 
(B. 26 , R. 845), whereas the alkali hydroxides and barium hydroxide 
solution effect this more readily. (3) Many y-lactones combine with 
the halogen acids, forming the corresponding y-halogen fatty acids; 
others do not do this. In the latter the lactone union is easily severed 
on allowing hydrochloric or hydrobromic acid to act on the lactones 
in the presence of alcohol. Then the alkyl ethers of the coi responding 
y-chloro- and y-bromo-fatty acids are formed (B. 16 * 513). lactones 
are converted into the esters of hydroxy-acids by heating them with 
sulphuric acid in alcoholic solution (B. 33 , 860). 

(4) The y-lactones unite vrith ammonia, but there is no separation of water 
(p. 378). Similarly, with hydrazine, which gives characteristic crystalline additiop* 
products, easily split up into hydrazine/and lactone (C. 19051 I. xaaz). 
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(5) Sodium and alcohol reduce the lactones to glycols. 

(6) Potassium cyanide unites with the formation of potassium salts of the 
nitrile-carboxylic acids. 

(7) The lactones condense under the influence of sodium and sodium alcoholate 
to compounds whicli cive up water when treated with acids to form sub^^timees 
composed of two J,iclonc rt'sidues. When boiled with bases, these bodies are 
converted to hydroxycarboxylic acitls, which split oft carbon dioxide, forming 
oxeiones (q.v.), deiivatives of dioxyketones : 

ClIjCU.CH, /CHa.CHa -HjO CHaCH.CU* .CH*—CTlj 

, !-0(Y . I-^ I >C:C<' I 

O—CO ^-OCH.CH3 O- CO Nd-( H.CII, 

Ha -COj CIlgCH-C'lla XHs—Clla 

- I : t :C<; I 

II.Clls OHHOC O X)-LlICH, 


y-Lactones. 

Butyrolactone fBntanolkle], Cfla-C’If, Ciij.v'oo, b.p. 206°, has been 
obtained (i) by allowing; sodium amalgam and glacial acetic acid to act 
on succinyl chloiid#' in ethereal solution (A. 171, 261 ; B. 29, 11Q2); 
(2) from jS-formyl piopionic acid (p.402) by reduction ; (3) from butyro¬ 
lactone carboxylic acid by the splilling-off of CO 2 (B, 16, 

^592) ; ( 4 ) by the distillation of y-chlorobntyric acid (B. 19, K. 13 ) ; 
(5) from oxethyl acetoacetic ester (the reaction product of ethylene 
cldoT hydrin and acetoacetic ester) by decomposing it with barium 
hydroxide (B. 18, R. 26) ; ( 6 ) by treating y-phcnyl hydroxybutyric 
acid with hydrobromic acid (B. 29, R. 286). 

Lactones , CgHgO, ; yVa lerolactone, y-Methyl hittyvolatiQne^ [r,4-Pentano- 

lide], CH3.CH.CHji.CH2 COO. b.p. 206®, occurs in crude wood vinegar, and may 
be prepared (i) by the reduction of lajvulinic acid, CHjCO.C IljCllaCOall (A. 208 , 
104); (2) by boiling allyl acetic acid with dilute sulphuric acid ; (3) when 
y-bromovalcric acid is boiled witli water; (4) on heating y-bydroxypropyl 
malonic lactone to 220® C. (A. 216 , 56); (5) and in small quantities when methyl 
paracomc aetd di^iiWed (A 255,2 5). Dilute nitric acid oxidizes y-valerolactone 
to ethylene succinic acid, wlul'st HI converts it into n-valcric acid. 

r i 

orMcthyl Butyrolactone, CHaCHaCHfCHajCOO, b.p. 201®, is obtained from 
pyrotarlaric chloride or anhydride by reduction (13 28 , 10; 29 , J194 ; C. 1905, 

n. 755)- 

Lactones: 

Caprolactones. y-Ethyl ButyroUutone, y-n-Caprolactone, [z,4-Hexanolidc], 

CH3.CH2( H( HjCHjCOO, b.p. 220®, is formed by Uic general methods 2, 3. 
and 4. It <dso appears in the reduction of glucoin< acid, mctasaccharic acid 
and galactoiuc acid by hydnodic acid (B. 17 , ijoo ; 18 , 642, 1555). 

a-FAhyl Butyrolactone, b.p. 219°, is prepared from ctliyl succinic anhydride 
and from a-ctliyl a-ethoxyacetoacetic ester. 

py-Dimethyl Butyrolactone, b.p, 209°, is obtained fiom ) 3 -acetobuiyric acid. 

aa~Dimethyl Butyrolactone, b.p. 202®. is formed, together with its isomer 
pp~Dimeihyl Butyrolictone, by reduction of unsym.-dimethyl succinic ester as 
anhydride (C. 1904* f- 925; II. 587). _ 

Isooaprolactone, y-Dimethyl Butyrolactone, (CH3)3CCH3CH3COO, m.p. 7®, 
b.p. 207°, is produced together with pyroterebic acid in the distillation of terebic 
acid. (See general mctliod 4, p. 372.) Pyroterebic acid itself passes on long 
boiling into isocaprolactonc. It can also be obtained from isobutyric aldehyde, 
loaionic acid and acetic anhydride (B. 29 , R. 667). 
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n-propyl p^aconic acid, and from dextrose carboxylic acid, as well as from 
galactose carboxylic acid on trea tment with hyd riodic acid (B. 21 , 918). 

propyl Butyrolactone, (CHj)|CH.CHCH,CH,COO, b.p. 224", is formed from 
isopropyl paraconic acid, a- and p-Isopropyl BtUyrolactone are obtained from 
isopropyl succin ic anhydride, aay -2'rimethyl Btiiyrolactone, a^Dimethyl Valero- 

y-lactone, CHj.(!h.CHjC(CHj),COO. m.p. 52", b.p.^^ 86®, may be obtained 
from a-dimethyl Irevulinic acid (mesitonic acid (q>v.) and from oay-trimethyl 
vinyl acetic acid (C. 1904, I, 720). ayy-Trimetkyl Butyrolactone, m.p. 50°, is 
prepared from ayy-trimethyl j 3 -hydroxybutyric acid (comp. p. 369) (C. 1897, II. 
572). a-Ethyl y-Meihyl Butyrolactoiie, b.p. 219®, is prepared from a-ethyl J 3 - 
acetopropionic acid and ethyl allyl acetic acid, mode of formation. No. 3 (B. 29 , 
1857). yy-Ethyl Methyl Butyrolactone^ b-p-jg ro6°, is obtained from laevulinic 
esW and ethyl magnesium halides. 

Lactones: CgHi 40 g. 

y-IsobutylButyrolactoneis prepared from isobutyl paraconic acid. a-Propyl 
y-Methyl Butyrolactone, bp. 23?®. a-Isopropvl y-Methyl Butyrolacione^ b.p. 224'* 
(B. 29 , 1857, 2001). a-Ethyl fiy-Dimethyl Butyrolactone, b.p. 227®, is obtained 
from a-ethyl jS-methyl j8-acetopropionic acid. y-Diethyl Butyrolactone, b.p. 228- 
233', IS prepared from succinyl chloride and zinc ethyl, 

S-Lactoiies are obtained liom the corresponding 8-lialogen carboxylic acids by 
distillation, or from the 8-keto-caiboxylic acids (p. 424). as well as from glutar ic 

esters or anhydride (p. 501) by reduction. B-Valerolactone, in gCHaCHgCHgCoi), 
b.p.,4 II changes spontaneously into a polymer, m.p. 48®, which is decom¬ 
posed by alkali into 8-hydroxy valeric acid, as is also the simple lactone (B. 29 , 
2574; 36 ,1200; A. 319 ,3C7). h-Meth\lB-Valerolactone,B Caprolactone,C^^fi^, 
m.p. 13®, b.p. 275''. a- or y-Mtthvl h~Vftlerolactone (I). 36 , 1201). aa-Dimetkyl 
B-Vahrolacione, C^HuOg, bpj5 105®. ^p-Dimr*hvl B-Valerolactone, m.p. 30®, 
bp. 22s® (C. 1005, II. 753). y-Lihyl B-Methyl B-ValerolaUone, b.p. 255® (A. 216 , 
127: 268,117). 

f-Hydroxy-carhoxyllc Acids and hydroxy-acids containing a still more remote 
position ol the alcoholic Cll-group sliow no further tendency to lactone-formation. 
They seem lather to split off water like the / 3 -hydroxy-acids, since olehne car¬ 
boxylic acids are obtained from the corresponding amino-carboxylic acids with 
nitrous acid, together with or instead of the hydroxy-acids (A. 343 , 44). 

However, e-LactonCs have been obtained by the oxidation of certain terpene 
ketones with permonosulphunc acid (Caro's acid). fi-Methyl €-Isopropyl «- 

Caprolactone, CaH,CHCHgCH,CH{CH3)CHj|CO^, b.p.„ 129®. m.p. 4 8® and 47®, 
according to the geometrical isomer. It is obtained from menthone (Vol. II.). 
The two isomers yield hydroxy-acids, one fluid and the other, m.p. 65® ; but only 
one €-keto-acid is obtained by oxidation. Tetrahydrocarvone (Vol. II.) similarly 
treated yields p-Tsopropyl ^-Methyl e-Caprolacione, b.p.g, 15O®. Methyl Cyclo¬ 
hexanone (Vol. II.) gives rise to a lactone, which, on brealeing down, passes into 
methyl €-hydroxycaproic acid. Suherone (Vol. II.) appears to give a 1^-lactone which 
passes into ^-Hydroxyoenanthylic acid, HOCHg[CHg]5COOH, on decomposition 
(B. 33 , 858). 

€-Hydroxycaproic Acid, HO[CHs]j.COOH ; phenyl ether, CgHjO[CHa]4COOH, 
m.p. 71®, is obtained by adding pota.ssium cyanide to c-chloramyl phenyl ether 
and hydrolyzing the resulting nitnle (B. 38 , 965). 

lo-Hydroxyundecylic Acid, HOCH*[CHg]gCOOH, m.p. 70®, is obtained from 
oi-bromundccylic acid and silver oxide. Oxidation converts it into nonane 
dicarboxylic acid (C. 1901, II. 1043). ^-Hydroxystearic Acid, rgH|,CH(OH)- 
[CH,]gCOOH, m.p. 83®, is produced from oleic acid through iodo- or sulpho- 
stearic acid (p. 377). If oleic acid is heated with zinc chlotide it is converted 
into the so-called stearolactone, CigHjaOj. probably y-Utradecyl butyrolactona 
(C. 1903, I. 1404). i3-Hydroxy6rAcmc CgHj,.CH(OU)CjjHt4COOH, zn.p, 
90® (C. 1908, I. 2019). 


l ^etones; C yHi,Og. y-n-Propyl Butyrolactone, y-sx-Hepiolactone,, CHgCH,- 
,CHCH,CH.cod), b.p. 235®, is obtained from y-bromcenanthic acid, from 
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Snlplmr DerivativeB of the Hydroxy-aoids: 

Only the mercaptan carboxylic acids and their reaction products 
will be considered here. These are acids which at the same time 
possess the nature of a mercaptan.* They are obtained as oils, with a 
disagreeable odour, and are miscible with water, alcohol, and ether. 

X. Mercaptan Carboxylic Acids are jprepared (i) from halogen-fatty acids 
and KSH; (2) the xanthogen-tatty acids resulting from potassium xantho- 
genate (g.v,) and chloro-fatty acids, are decomposed by ammonia into mercaptan- 
carboxylic acid and xanthogen amide (B. 89 , 732 ; A. 348 , 120): 

CICH.COOK + KSH =HSCHtCOOK 4 - KCl 
C»HjOCS.SCH(CH*)COONH4H-NH,=HSCH(CH,)COONH4+CaHBOCS.NHt. 

(3) The mercaptan- or thio-carboxylic acids arc easily oxidized to dtsulphides, 
such as (HOOCCHj)jSj, which may also be prepared directly from halogen-fatty 
acids and potassium polysulphides: on reduction, the mercaptan carboxylic 
acids are rc-formed (C.1907, 1 . 856 ; 1908, 1 .1221). 

These bodies tend to form complex salts. 

Thloglycolllo Acid, [Ethanethiol Acid], HS.CHjCOOH, m.p. —b.p.j, 
X03®, IS obtained from monochloracctic acid and potassium hydrogen sulphide; 
and from thioh^rdantoin, when heated with alkalis (A. 207 , 124). On adding 
ferric chloride to its solution an indigo-blue colorat ion is obtain ed. It is a dibasic 

acid. (Conductivity, B. 39 ,736.) The baWww sa/f, ^.CHaCOOBa-fsHgO, dissolves 
with difficulty in water ; ethyl ester, b.p.j, 55®; amxde, m p. 52®. On being 
heated, it yields the thioglycoJlic acid ihtoglycoUide (SCHgCO)*, m.p. about 80®. 

a~Tkiolactic Actd, CHsCH(SH)C04lI, m p. 10®, b.p.,4 99’, is prepared from 
pyroracemic acul (p. 407) and sulphuictted hydrogen, also, together with 
cysteine, a-amino j6-thiopropionic acid (q.v,) (C. 1903, I. 15), from horn (keratin) 
by decomposition with hydrochloric acid. p-Thiolacitc Acid, HS.CH4CH4CO4H, 
m.p. 168®, b.p.,4 Ti®, D44 = i*2i8. 

<i‘Thiobutyric acid, b.p.,4 118-122®; a-Thioisooutync acid, m.p. about 47®. 
b.p.,5 102®. 

The first product of reaction of KSH and y-chlorobutyroiiitnle is probably 
Diihiohutyrolactone, which loses HjS and condenses further to the red coloured 
Trithiodibutyrolactone, C|H,qS 3, m.p. 116®. Its structure is probably analogous 
to that of the condensation, production of the lactone with sodium ethoxide 
(P* 374) (B. 34 , 3387)- 

2. a-Alkyl Sulphide Carboxylic Adds are obtained from the interaction of 
a-halogen fatty acids and sodium mercaptides. Ethyl Sulphide Acetic Acid, 
CiHjS.CHjCOOH, m.p. —87®, b.p.,, xi8®; Dg® 1*1518 (B. 40 , 2588). 

3. a-Mereaptal Carboxylic Adds result from the action of a-thio-acids on 
aldehydes. Ethyhdene Dithioglycollic Acid, CHjCH:(SCHa COOH),, m.p. 107®. 

4. a-Mercaptol Carboxylic Adds result from a-thio-acids and ketones in the 
presence of zinc chloride or HCl. 

Dimethyl Methylene Dithioglycollic Acid, (CH,),C:(SCTIiCOOH)„ m.p. 126®. 

5. a-Sulphide Dlcarboxylio Acids are produced when KjS acts on a-halogen 
fatty acids. 

Thlodlglycollic Add, S(CH3CO,H)4, m.p. 129®, correspcjnds in composition 
with diglycollic acid (p. 367), and under like conditions forms a cyclic anhydride, 
which is both a sulplnde and a carboxylic anhydride. Thiodiglycollic Anhydride, 

S<cy*^Q> 0 , m.p. I02», b.p.„ 158" (B. 27 , 3059). a-Thiodilaciyhc Acxi, 

S[CH(CH4)C0,H]4, m.p. 125®. y-Thiodibutyric Acid, m.p. 99® (B. 25 , 3040). 
ixasym.-Sulphide Dicarhoxyhc Acids are obtained from the disodium salts of the 
mercaptan carboxylic acids and sodium halogen fatty acids in aqueous solution 
(B. 29 , 1 X 39 ). 

6. Disulphide Dlcarboxylio Adds are readily produced in the oxidation of 
the mercaptan carboxylic acids in the air, or with ferric chloride or iodine. 
DithiodiglycMc Acid, Sa(CH4CO,H)3, m.p. zoo®. orDithiodilactic Acid, Ss[CH« 
(^•)<COaH]t, mp. 141®. fi^DithiodiPropionic Acid, S9(CH«CHaCOOH)g, m.p. 

'L * * 1 ^ 
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* 55 ® (A. 889 , 351). Tfisuiphide Acetic Add, S*(CH.^COOH)„ m.p, 184*. Tflro- 
sulphide Acetic Acid, S4(CHaCOOH)„ m.p. 113^ (A. 859 , 81). 

COOH 

7. Hydroxysulphlne Oarboxyllo Acids.—The free bodies— e.g. | 

CH,S(CH,),OH, 

are unsfable. They split off water and yield cyclic sulphinates, which are con¬ 
stituted similarly to the cyclic ammonium compounds, and are called ihcHnes. 
This name, from the contraction of thio and betaine, is intended to express the 
analogy between their derivatives and betaine (B. 7 ^ 695; 25 , 2450; 26 , R. 

409): 

rw • 

Dtm'thyl Thettne ; betaine (p. 330). 

The thetines are feeble bases. Their hydrobromides are produced when 
methyl sulphide, ethyl sulphide, and sodium thiodiglycollate are brought into 
action with a-halogen fatty a cids— e.g, chloracetic acid and a-bromopropionic acid. 

Dimethyl Tketine, (CHjloSCHjCOc!), is deliquescent. 

Methyl Ethyl Thetine, contains an asymmetric sulphur 

atom, and is resolved into its two forms by means of its salts with camphor-sul- 
phonic acid and bromocamphor>sulphonic acid: d-chloroplatinate, [a]D = +4‘5® 
(C. 1900. II. 023). 

Dimethyl Thetine Dicarhoxylic Acid, (HO.OC.CHj)2S.CHj.CO<l), m.p. X57- 
158°. Diethylenc Disulphide Thetine (C. 1899, II. 1105). Further compounds, 
B. 33 , 823. 

Selenetlnes, see B. 27 , K. 801. 

8. Sulphone Carboxylic Acids are produced by the action of alkyl sulphinates 
on esters of halogen fatty acids, and resemble the ketone carboxylic acids (a.v.). 
Ethyl Sulphone Acetic Acid, CjHjSOj.CHjCOjH. Ethyl Sulphone Propionic 
Actd, CaHgSOj.CHjCHjCOaH (B. 21 , 89, 992). By oxidizing the sulphide, corre¬ 
sponding with the sulphom s with KMnO*,there are obtained: Sulphone Diacetic 
Acid, OaS{CHaCOjH)j, m.p. 182®. a-SulphoneDipropionic Acid, 0|S[CH(CH3).- 
COaHJa, m.p. 155° (B. 18 , 3241). Sulphone diacctic acid resembles acetoacetic 
ester in many respects. For mixed sulphone-di-fatty acids sec B. 29 , XI4Z. 

9. a-Sulphocarboxylic Acids. The sulpho-acids of the fatty acids are pro¬ 
duced by methods similar to those employed with the alkyl sulphonic acids: 

(1) By the action of sulphur trioxide on the fatty acids, or by acting with 
fuming sulphuric acid on the anhydrides, nitriles, or amides of the acids (J. pr. 
Ch. [2] 73 , 538 : C. 1905. I. 1^09). 

(2) By heating concentrated aqueous solutions of the salts of the mono- 
substituted fatty acids wdth alkali sulphites. 

(3) By the addition of alkali sulphites to unsaturated acids (B. 18 , 483). 

(4) By oxidizing the thio-acids corresponding to the hydroxy-acids with nitric 
acid. 

(5) Upon oxidizing glycol sulphonic acids, e.g. isethionic acid, with nitric acid. 
These sulpho-acids arc dibasic acids, corresponding with malonic acid in their 

chemical belmviour. They are, however, more stable towards heat, alkalis, and 
acids. 

Sulpho-aeetic Acid, HOgS.CHjCOOH, is prepared by decomposing acetone 
trisulphonic acid by means of alkali; methionic acid is formed at the same time 
(p. 210) (C. 1902, I. 101). Chlorosulphonic Acetyl Chloride, C 10 ,S.CH*COCl, 
b.p.,40 130-135°, is converted into thioglycollic acid by reduction. Ethyl 
Sulphonic Ethyl Acetic Ester, CjHsOjS.CHaCOOCjHj, is obtained as an oil, 
volatile with partial decomposition. The hydrogen atoms in the CHj-group 
can be replaced by alkyl groups, comparable to the esters ahd amides of methionic 
acid (p. 210), to form acetoacetic ester (p. 410) and to malonic ester (B. 2I4 
X550). 

Sulpho-isobutyric Acid, HO,S.C(CH,),COOH, is formed by the interaction ‘ 
of isobutyryl chloride or anhydride and concentrated sulphuric acid. The 
barium sail (+3H |0) is less easily soluble in hot water than in cold; dimethyl estee^ 
m.p. 4®, b.p. 78-8^® ; dichloride, m.p. 10®, b.p. 35® (C. 1905, 1 . 1309). 
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NITROGEN DERIVATIVES OF THE HYDROXY-ACIDS 

The following classes of nitrogen compounds are derived from 
the a-hydroxy-acids: (i) Amides. (2) Imidohydrins. (3) Hydra- 
zides. (4) Azides. (5) Nitriles. (6) Nitro-acids. (7) Nitroso-acids. 
(8) Hydroxylamino-acids. (9) Amidoxy-acids. (10) Amino-acids, 
(ii) Nitramino-acids. (12) Isonitramino-acids. (13a) Hydrazine 
acids. (136) Hydrazo-acids. (14) Azo-acids. 

The a-amino-acids and their derivatives are of especial interest 
from the physiological standpoint, as being decomposition products of 
the proteins. 

1. Hydroxyamldes. —The a-hydroxyamides are produced (i) by treating 

(a) alkyl esters and (6) cyclic double esters of the lactides with ammonia. 
(2) From the a-hydroxy nitriles by the absorption of water in the presence of 
a mineral acid, particularly sulphuric acid. They behave like the fatty acid 
amides. • 

Glyoollamide, HOCHjCO.NH,, m.p. 120®, is obtained from polyglycollide, 
or from acid ammonium tartronate when heated to 150®. It possesses a sweet 
taste. 

Laetamide, CHjCH(OH).CONH,. m.p. 74®. 

a-Hydroxycaprylamide, CH»(CH,)gCH(OH)CONH,, m.p. 150® (A. 177 , 108). 
Diglycollic acid yields two amides and a cyclic imide ; 

Diglycollamic Acid, NH,COCH,OCH,CO,H, m.p. 135®. 

Diglycollamide, 0 (CH,C 0 NH,)j, breaks down when heated into nmmonia and 

diglycollimide, Ta.p. 142®. It behaves like the imidcs of the 

dicarboxylic acids, e.g. succinimide and w-glutarimidc. 

The readily decomposable additive products, arising from ammonia and the 
y-lactones (A. 256 , 147), are regarded as being as v-hydroxy-acid amides. Yet 
they are said to have a constitution similar to aldehyde-ammonia (A, 259 , 143). 
The additive product from ammonia and y-valerolactone may have one of the 
following formulae: 

CHaCHCHjCHjCONH, or 
OH 

The addition prod ucts of hydrazine a nd y-lactones behave similarly : Hydra- 

nney^Valerolactone, m.p. 62®. also rsisily dissociates 

into hydrazine and lactone (C. 1905, I. 1221). 

2. a-Hydroxy-imIdobydrins. The tmido-eihers of the a-hydioxy-acids, whoso 
salts are prepared in the ordinary way from nitriles by means of alcohols 
and HCl (p. 281), are hydrolyzed when in the free state by water, into the imido¬ 
hydrins. These are isomeric with the corresponding amides, although they 
appear to consist of a double molecule and behave as electrolytes in aqueous 
.solution (B. 30 , 998 ; 34 , 3142). 

GfyeoHminohydrin. (HOCHjC<iQ^),. m.p. 160®; Lactimidohydrin, m.p. 

135®; Hydroxyisobtilyl Imidohydtin, m.p. 173*. 

3. Hydrazfdes of the Hydroxy-acids : Glycol Hydrazide, HOCHsCO.NHNHs, 
m.p. 93®, has been prepared from benzoyl or oxalyl glycollic ester and hydra¬ 
zine hydrate (J. pr. Ch. [2], 61 ,3O5) 

4. Azides of the Hydroxy-aelds : Glycol Azide, HOCHj.CONg, is formed when 
sodium nitrite acts on the hydrochloride of glycol hydrazide. It crystallizes 
from ether (J. pr. Ch. [2], 52 , 225). 

5. Kitriles of the Hydroxy-acids. 

The nitriles of the o-hydroxy-acids are the additive products 
obtained from hydrocyanic acid and the aldehydes, and ketones. 


ch,.ch.ch,.ch,c<qJ|*. 
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The aldehydes yield niiriles of secondary hydroxy-acids. Formalde¬ 
hyde is an exception in this respect, for it gives rise to the nitrile of a 
primary hydroxy-acid,—glycollic acid. 

Tlic ketones yield nitriles of tertiary hydroxy-acids, 

CH,CH: 0 -hHNC=CH,CH<^^^ Nitrile of lactic acid (p. 362). 

(CII,),C: 0 -f-HNC==(CHj)jC<Q^ Nitrile of acetonic acid (p. 365). 

These nitriles of the a-hydroxy-acids haVe been called the cyan- 
hydrins of the aldehydes and ketones. They result by the reaction 
of the aldehyde and ketone bisulphite compounds (pp. 207, 225) with 
potassium cyanide (B. 38 , 214 ; 89 ,1224, 1856). 

Many of the anhydrous substances boil without decomposition, 
especially under reduced pressure ; but many break down upon the 
evaporation of their aqueous solution, and alkalis resolve them into 
their components. Tile nitriles of the a-hydroxy-acids, on the other 
hand, under the influence of mineral acids, e,g, hydrochloric acid and 
sulphuric acid, first take up one molecule of water and change to 
a-hydroxy-acid amides (sec above), then a second molecule of water, 
and form the ammonium salts of the a-hydroxy-acids, which are imme¬ 
diately decomposed by mineral acids (p. 277). 

When heated with P2O5 they change into olefine carboxylic nitriles ; with 
PCI5 into chloroparaffin carboxylic nitrih'S (C. 1898, II. 22, 662). Ammonia 
causes the formation ol water and amino-nitriles (p. 381). Cyanacetic ester 
and the a-hvdroxy-acid nitriles pioduce water anti derivatives of aj 9 -dicyano- 
propionic acids. (C. 1906, II. 1561). 

Aldehyde Cyanhydrins. 

Olvcolhc Acid Nitrtle [Ethanol Nitrile], HO.CHjCN, b.p. 183** with decomposi¬ 
tion. b.p.je 103® (J. pr. t'h. [2] 65 , 189). Acyl Glycollic Nitriles are prepared 
fiom cliloracctic nitrile with the sodium or potassium salts of the fatty acids 
(C. 1904. II. 1377). Formyl Gycollic Acid Nitrile, HCOjCHaCN, b.p. 173®, and 
Acetyl Glycollic Acid Nitrile, b.p. 180®, result also from glycol aldoxime and acetic 
anhydride, and aru decomposed by ammoniacal silver oxide into AgCN and 
formaldehyde (C^ 1900, II. 313). Ethers of glycollic nitrile arc prepared from 
chloromethyl alkyl ethers and silver, mercury, or copper cyanide: 

2CH80CHaCl-|-lIg(CN),-2Cll30CIl2CN-|-HgCl,. 

Methoxyacetonitrile, b.p. 120®; Ethoxyaceiomirile, b.p. 135® (C. 1907, I. 
400, 871). 

Ethylidcne Lactic Acid Nitrile, Aldehyde Cyanhydrin, CH8CH(OH)CN, 
b.j>.3o 102® ; ethyl ether, CllaCIlCOCgHjlCN, b.p. 88®, is prepared from cyanogen 
chloride and ethyl ellier ( 13 . 28 , U. 15); acetyl ester, CH,CH{OCOCH5)CN, b.p, 
169° (B. 28 , K. 100) ; a-Iiydroxyisovaleric Acid Nitrile, (CHa)tCH.CH(OH)CN, 
decomposes at 135®, a-llydroxycaprylic Acid Nitrilet (Enanthol Hydrocyanide, 
CHsfCHa]aCII(OH)CN. 

Halogen Substitution Produets of the Aldehyde Cyanhydrins (A. 179 , 73): 

Chloral Cyanhydrin, CCl3CH(OH)CN, m.p. 61®. boils with decomposition at 
^*15-230®, Tribromolactic Acid Nitrile, CBrjCH(OH)CN. Both compounds 
can also be looked on as trihalides of orthotartronic acid nitriles. Tnchloro^ 
valerolactic Acid Nitrile, CHgCCl,CHCl.CH(OH)CN, mip. 103®, 

Ketone Cyanhydrins : a-Iiydroxyischutytic Acid Nitrile. Acetone Cyanhydrin, • 
(CH 3 ),C( 0 H)CN, m.p.—.19°, b.p.„ 82®. Methyl Ethyl Glycollic Acid Nitrile, 
(C,H|)(CH,).C(OH)CN, b.p.20 91 ®- Diethyl Glycollic Acid Nitrile, (CgH,),.- 
C(OH)CN, b.p.^g no®. B-Chloro-a-hydroxyisobutyric Acid Nitrile, ClCHaC(CHs)- 
(OH)CN, m.p.tt I to®. Methyl tert.-Butyl Glycollic Arid Nitrile, (CH8)jCC(CH3).- 
(OH)CN, m.p. QA®, is prepared from pinacolino (A. 204 ,18 ; B. 14 ,1974 ; 39 , 1838; 
C. 1906, II. 396% 
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Nitriles *of the hydroxy-acids have been prepared from the halogen glycol- 
hydrins (p. 319) by the action of potassium cyanide. Ethylene Cyanhydtin, 
P’-LacHc Acid Nitrile, HOCH,CH,CN, b.p. 220®, is also obtained from ethylene 
oxide and hydrocyanic acid. p-Ethoxybutyroniirile, CH|CH(OC|H|)CHaCN. 
b.p. 173*, is prepared from allyl cyanide and ethyl alcohol (B. 29 , 1425). y- 
Methoxybutyronitrile, CH, 0 [CH,]a.CN, b.p. X73® (B. 32 , 948). 

e-Phenoxycapronitrile, CgHjOfCHJj.CN, m.p. 36", from c-chlorocapronitrile 
and sodium phenolate (B. 38 ,178). 

The groups of substances, which are dealt with in the following sections, 
are closely connected with one another and with the hydroxy-carboxylic acids. 
When the alcoholic hydroxyl group of the latter is replaced by the groups 
—NOj, —NO, —NHOH, and —NHj, a whole series of niiro-, niiroso^, hydroxyl- 
amine- and amino-carboxylic acids arc produced. 

6. Nltro-fatty Adds. a-Nitro-fatty Acids are only known in the form of 
derivatives. >^en potassium nitrite acts on potassium chloracetate there 
IS first formed potassium nitro-acetic acid which decomposes into nitromethane 
and potassium bicarbonate (comp. p. 149); 

KKO, a,o 

CH,ClCOOK- > NO,CH,CO,K- > CHaNOj + KHCO,. 

When silver nitrite and bromacetic ester react, the expected nitro-acetic ester 
is replaced by two peculiar bodies containing less water, which are derivatives 
of oxalic acid: oxalxc ester nitrile oxide, CaHa0C0.C*N:0, m.p. in®, and bis- 
anhydro-nitro-acetic ester, (CaH^OCOCNOjj, b-p-n 160®, which on reduction 
yields glycol, like a true nitro-acetic ester. Similarly, iodo-acetonitrile and 
silver nitrite do not yield nitro-acetonitrile, but a dimolccular body, deficient in 
water, cyanomethazonic acid, which perhaps should be considered as being 
isonitroso-niiro-succinic acid nitrile, NC.C(NOH).C(NOOH)CN (comp, mcthazonic 
acid, p. 339) (B. 34 , 870). 

The real nitro-acetic ester, NOj.CHj.COOCjHj, b.p.^^ 94 *» is prepared from 
nitromalonic ester, NO,CH(COOC2Hg), and KOH ; also from a-nitrodimethyl 
acrylic ester, (CHj)2C:CfNOa)COOC,IlB, by the decomposing action of ammonia; 
also, particularly easily, from acctoacetic ester by the action of concentrateil 
nitric acid and acetic anhydride, together with bis-anhydro-nitro-acetic ester 
(see above) (C. 1904, II. 640). Reduction changes it to hydroxylamino-acctic 
acid and glycocoll (C. 1901, II. 1259; comp. I. 88r). Like other nitro-bodies, 
nitro-acctic acid forms salts (p. 149), MeOONrCHCOtCjHj. When the ammonium 
salt is precipitated with mercuric chloride a very stable mercury nitro-acetic ester, 

is formed, which is soluble in alkalis and hydrochloric 

acid, and with bromine forms nitrodibromacettc ester, NOj^BrjCOjCjHj, b.p.,i 
131-134® (B. 39 , 1956). Heating with ammonia at 100* converts it into mtro- 
acetamtde, NOaCH|CONH|, m.p. 101-102®, with decomposition. This can also 
be formed by alkaline decomposition of nitro-malonamide. Its silver salt 
reacting with iodo-alkyls give 'O-ethers, such as Cll300N:CiiC0NHg and 
CtH»OON:,CHCONH„ which decompose readily into aldehyde and isonitroso- 
acetamide, HON:CHCONH2. Nitrodibromaectamide, NOaCBrsCONH^. and 
niUfObromacetjmxde, NO,CHBrCONllt, m.p. 79® (C. 1906, 1 . 910 : B. 37 , 4623). 
Nitro-acetomtrile, NO^CHiCN, b.p.,4 96®, is prepared from mcthazonic acid 
(nitro-acetaldoxime, p. 339) and thionyl chloride. With bromine it gives nitro- 
dibromacetonitple, NOjOBr^CN, b.p.,* 58®, which is a diherent body from 
dibromoglyoxime peroxide (p. 250) (B. 41 , 1044). 

Homologues of the a-nitro-fatty esters, such as a-nitroproptonic ester, CH*CH- 
(NOg)CO*C*Hs, b.p. 190-195®; a-nitrobutyric ester, C*H*CH(NO*)COtC*Hg, 
b.p.** 123®, are obtained from the alkyl-nitro-malonic esters and sodium alcoholate 
(C. 1904, II. 1600). a-Nifro-isobutyric Acid, (CH*)*C:(NO*)COOH: nitrile, 
m p. 33®, is obtained by oxidation of nitroso-isobutyiic nitrile (p. 381) with nitric 
acid ; amide, m.p. 1x8®. 

p-Nitro-fatty Adds: fi-Nitroproptonic Acid, NO*CH*CH|CO*H, m.p. 66®, 
is prepared from /S^iodopropionic and silver nitrite; ethyl ester, b.p. 161-165®. 
P-Nitro-isovaleric Add, (CH,),C{NO,).CH*CO*H, is obtained together with 
dinUzopropane, (CH*}*C(NO|)g, by the action of nitric acid on isovaleric acid 

CB. IS, 8334). 
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7. MttroBO-fattj Aeids. From the eicainination of the nitroso-paraffins (p, 152) 
it is clear that the nitro-fatty acids, which contain the group —CHt^O or 
atCH.NO» must undergo transformalion into the isonitroso* or oximido-fotty 
acids, which will be considered later as derivatives of the aldehyde- and ketone- 
acids respectively (pp. 410,4x6, 424). On the other hand, oxidation by chlorine of 
hydroxyVamino-isobutyric acid nitrile (see below) yields the Nitrile of Nitroso^ 
isobutyric Acid, (CH,)*C(NO)COOH, m.p. 53®, to a blue liquid; amide, m.p. 
158® with decomposition; ester, m.p. 89®; amidine, (CH,),C(NO)C(NH)NH,, 
is converted by hydrocyanic acid, etc., into a series of peculiar bases (B. 84 « 
1863; 869X283). 

8. HydroxyiamlnO’fatty Aeids. Their nitriles result from the combination 
of hydrocyanic acid with aldoximcs and ketoximes (pi 38a} (B. 269 65). Hydroxyl- 
ammo-acetic Acid, HONH.CH,COOH, m.p. 132®, is obtained from isonitramino- 
acetic acid (p. 397) and from nitro-acetic ester (see above), also from isobenzal- 
doxime acetic acid (Vol. II.) (B. 29 , 667). a-Hydroxylaminob%Uyr\c Acid, 
CH*.CMjCH(NHOH)COOH, decomposes at 166® ; nitrile, m.p. 86®, results from 
propionaldoxime and HNC (B. 26 , 1548). orHydroxylamino-isohutyric Acid, 
(CH,),C(NHOH)COOH, is prepared from isonitramino-isobutyric acid (p. 397); 
nitrile, m.p. 98®, is produced horn acetoxime and HNC; further derivatives, sec 
B. 34 ,1863. 

9. Amldozyl'tatty Aeids are isomeric with the hydroxylamino-fatty acids. 
Amidoxyl-acetic Acid, NH|OCHaCOOH, is obtained by the breaking down of 
ethyl benxhydroxime acetic acid, C,HgC(OC|H():NOCHsCOOH. Homologues, 
see B. 29 , 2654. 


10. Amido- or Amino-fatty Acids. 

In the amino-acids the alcoholic hydroxyl of the dihydric acids is 
replaced by the amido-group NH2 : 

CHa-OH CHj.NH, 

I I 

CO.OH CO OH 

GlycoUic Acid. Glycolamino-acid. 


It is simpler to consider them as being amino-derivatives of the 
monobasic fatty acids, produced by the replacement of one hydrogen 
atom in the latter by the amido-group : 


CHs 


CH,.NH, 


CO.OH CO.OH 

Acetic Acid. Aminoacetic Arid. 


Hence they are usually called amino- or amido-faUy acids* 

The firm union of the amino-group in them is a cha¬ 
racteristic difference between these compiounds and their isomeric 
acid amides. Boiling alkalis do not eliminate it (similar to the 
amines). Several of these amino-acids occur already formed in plant 
and animal organisms, to which great physiological importance is 
attached. They can be obtained from proteins by heating the latter 
with hydrochloric acid, or alkalis, or by the action of ferments or 
bacteria. They have received the name alanines or glycocolls from 
their most important representatives. 

The general methods in use for preparing the amino-acids are: 

(i) The transposition of the monohalogen fa>ty acids when heated 
with ammonia (similar to the formation of the amines from the all^- ‘ 
logens. p. 157): 

* Modem and stricter nomenclature reserves the term amido- lor the —CONH, 
group.—(T r.) 
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Thus'chloracetic acid yields: 


CHjCOOH 
N H 
H 

Am aoac«Uc Acid. 


(CHjCOOH 
N CHjCOOH 

|h > 

ImiQodiacetic Acid. 


(CHjCOOH 

NlCHgCOOH 

(c'HjCOOH 

Nitrilotriacetic Acid. 


(2) In the action of the halogen fatty acids on ammonia, phthal- 
imide may be employed to promote the reaction, where the halogen 
fatty-acid esters arc allowed to react with potassium phthalimide, 
after which the amino-ac^id is split off by hydrocldoric acid at 200° C.: 



aCHjCOOC^Hj 
-> 


Potassiam Phthalimide. 


icr\ COjCjHj HCl COjCjH5 


, CH,NH,HC1 

Phthalyl Glycocuil Ester. 


(3) The reduction of nitro- and isonitroso-acids (p. 380) with 
nascent hydrogen from zinc and hydrochloric acid or aluminium 
amalgam in ether (C. 1904, II. 1709): 

6 H 

CHsNOjCOOCjH,-^-CUjNH/'OOH 

Nitroacetic Ester. Ammoact tic Acid. 

4 H 

{CIlJaCHClIgqNOlOCOaCjlIfl -(CHj)j(:TirTIjC}I(NIl2)COOH 

Isubutyl Isooitrosu-aceLtc L& cr. i Leiiciact^ Ainmuisucapruic Acid/. 

(4) RtMction of the cyano-fatty acids {q,v,) with nascent If (Zn 
and HCl, or by heating with HI), in the same manner that the amines 
are produced from tlie alkyl cyanides (p. 158) : 


CN.COOH+2H,=CH,(NH,jCOjiI 
Cyanoiuimic Acid. Aminoacetic A< id. 


This reaction connects the amino-fatty acids witli tJie fatty acids 
containing an atom less of carbon, and also with the dicarboxyhc acids 
of like carbon content, whose half niiriles are the cyano-fatty acids. 

(5a) Tlie nitriles of the a-amino-acids are prepared by allowing a 
calculated quantity of ammonia, in alcoholic solution, to act on 
the hydrocyanic acid addition-products of the aldehydes and ketones, 
and then setting free the hydrochlorides of the a-ainino-acids from 
these by means of hydrochloric acid (B. 13 , 381; 14 , 


HNC NH 


, HCl 


'OH ’ '"Ml" 

HNC NH, HCl 

(Cir.),CO-^ (( il.'/XgN -^ (CH,),C<ro.H 

(56) Nitriles of a-amino-acids can also l>e syiu]i(*tically obtained 
from the aldelij^de-ammonias by means of hydi(»cyank acid; also 
from aldehydes by means of ammonium cyanide (B. 14 , 2686): 

^OH CN NHiNt 


Ketones also unite with ammunium cyanide to form nitriles of the a-amino- 
dialkyl acetic acids (H. 38 , igoo , 30 , ii8x). 

Aldehydes and ketones may, witli advantage, be allowed to act on a mixture 
„ of potassium cyanide and ammonium chloride (B. 39 , 1722). When potassium 
^yanioc reacts with aldehydes in bisulphite solution (p. 3S0) aod is followed by 
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primary and secondary amines, then alkyl and dialkyl aminonitriles are formed 
(B. 88> 2x3). 

Hydrocyanic acid attaches itself similarly to the oximes (B. 26 , 2070), to the 
hydrazones, and to the Schijf bases, with the production of nitriles of a-hydroxyl- 
amino acids, phenylhydrazino-acids and alkylamino-acids (B. 25 , 2020; C. 1904, 
n. 945 ). 

The methods {5a) and (56) are only suitable for the production of 
a-amino-fatty acids, whilst the other methods serve also for the pre¬ 
paration of p-, y-, and S-amino-fatty acids, which are also produced: 

(6) By the ad^tion of ammonia to olefine monocarboxylic acids, 
(ya) By the oxidation of amino-ketones, e,g, diacetonamine (p. 230), 
and [yb) by the breaking down of the cyclic imines of glycols upon 
oxidation (see piperidine). 

Properties ,—^The amino-acids are crystalline bodies usually pos¬ 
sessing a sweet taste. They are readily soluble in water, but usually 
are insoluble in alcohol and ether. 

Constitution ,—As the amino-acids contain both a carboxyl and an 
amino-group, they behave as both acids and bases. Since, however, 
the carboxyl and amino-groups mutually neutralize each other, the 
amino-acids show a neutr^ reaction, and it is very piobable that both 
groups combine to produce a cyclic ammonium salt: 


This is supported by the existence and mode of formation of trimethyl 
giycocoll or betaine, as well as of the homologous p- and y-betaines 
(comp. pp. 386, 393) : 

I >0 I >1 >• 

ClI, ( CH,-CO ( H, CH,—CO-^ 


The formdtion of salts provides a method of separation of the two 
groups (B. 35 , 589). 

'I'hc enters of the a-amino-carboxylic acids are of special importance, partly 
as providing Uic materials from which the diazo-cster (below) is produced, and 
partly because it is by the ir preparation that the mixture of a-amino-acids 
wliicli results from the hydtolysis of proteins, can be separated and purified 
(B. 39 . 541). 

I'hesi- esters are best obtained ais hydroclilondes by warming the acids with 
alcohols and hydrochloiic acid. The free amino-esters are liquids which can be 
distilled under reduced pressure, possess the characteristics of amines, and 
are fairly easily hydrolyzed. Heat converts them into cyclic double amides 
(di-aci-piperazine) (p. 391). 

ReacHons .—^Thc ammo-acids form (x) metallic salts with metallic oxides and 
(2) ammonium salts with acids. 

In the presence of alkalis and alkali earths, carbon dioxide forms s alts o f 

carbamino'carboxyhc aetd, of which the Ba or Ca salt, icO.NH.CH.CO^, 
is most suited for its sepaiation on account of its low solubility (B 39 , ^07 ; Ch. 
Z. 1907. Q 37 ). 


(3) The replacement of the carboxylic hydrogen by alcohol radicals 
produces esters, which are highly reactive, 

(4) Phosphorous chloride converts the amino-acids, suspended m 
acetyl chloride, into hydrochlorides of the highly reactive amino-acid 
chlorides {E, Fischer, B. 88, 2914): 

NHjCH ,COOH + ITl. =HC 1 .NH .CH.COCl -t-POCl,. 
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(5) The hydrogen of the amino-group can also be replaced by acid 
and alcohol radic^. The acid~defivaiives are obtained by the action 
of acid chlorides on an alkaline solution of the acid, or in presence of 
bicarbonate, or on the ester in a neutral solvent: 

CH,<^^^'h+C,H,OC1=CH,<NHJiH30+HC1. 

Acetyl Amiao-acetic Acid. 


Acyl groups can be substituted into the amino-acids by means of acid 
anhydrides and acid azides (J. pr. Ch. [2] 70 , 57); the formyl group merely by 
warming with absolute fornpe acid (B. 88, 3997)- Those acyl derivatives which 
serve most suitably for identifying the amino-acids arc the benzoyl-, benzene 
Si/Uphonic^, and naphthalene suiphonic^ compounds, such as CfH^.CO.NHCHs- 
COOH, C,HbSO,.NHCH,COOH, CioH,SO,.NHCH,COOH. Another class of 
derivatives is the phenyl ureldo-acid^, such as CaHj.NHCONHCHiCOOH, pro¬ 
duced by phenyl cyanate (Vol. II.) in alkaline solution (B. 35 , 3779 ; 89 , 2359). 
The amino-group in the acyl amino-acids is ** neutralized " by the acyl groups; 
they are therefore stronger acids than the simple amino-acids, and many of them 
crystallize well. On the significance of acyl amino-acids to the structure of the 
di- and poly-peptides, see p. 391, 

(6) Separation of optical components from racefw* mixtures is brought about 
through the stiychninc, brucine, morpMne, or cinchonine salts of the benzoyl- 
and formyl-amino acids. The resolution of racemic alanine, a-amino-butyric 
acid, a-amino'isovaleric acid, leucine, aspartic acid, and glutaminic acid, has 
been carried out in this manner (B. 32 , 2451 ; 33 , 2370 ; 38 , 3997). The resolu¬ 
tion of the racemic synthetic a-amino-acids is of importance because it completes 
the laboratory production of the natural a-amino-acids (from proteins), which 
are all optically active. The resolution can also be carried out by the aid of 
yeasts, which consume either the d-form only, or only the /-form (C. 1906, II. 501), 

(7) Amino-acids with alkyl groups attached to the nitrogen are obtained fiom 
the monohalogen fatty acids or from hydroxy-acid nitriles by the action of 
amines (J. pr. Ch. [2] 65 ,188); 


NH(CH|}| V 

CH.CICOOH-^C^*<COOH * 




(8) Continued methylation causes the amino-group to leave the molecule, 
whereby unsaturated acids result. Thus, a-aminopropionii acid yields acrylic 
acid ; a-aminobutyric acid gives rise to crotonic acid (B. 21 , R. 8i)); a-amino- 
n-valeric acid yields propylidene acetic acid (B. 26 , R. 937). 

(9) Hydriodic acid at 200® causes the exchange of the amino-group for 
hydrogen, whereby the acid is converted into a fatty acid (B. 24 , R. 900). 

(10) ]|^iling with alkalis does not affect the amino-arids, but fusion with 
potassium hydroxide causes decomposition into ammonia or amines and salts 
of fatty acids. 

(11) Dry distillation, especially in presence of barium oxide, decomposes 
the acids into amines and CO, ; 

Ethyltmlne. 

(Z2) Nitrous acid converts the amino-acids into hydrocy-acida I 

HNO,=CH,<co,h+^» I H, 0. 

(13) The amino-ester hydrochlorides are changed by potassium nitrite into 
diazo-fatty esters (p. 403), the formation of which serves for the detection of small 
quantities of amino-aeWs (B. 17 , 959). In the presence of excess of hydrochloric 
acids, chloro-fatty acids are formed (C- 1901, I. 98). Similarly, nitrosyl bromide 
produces a-bromo-fatty acids. 

Ferric chloride produces a red coloration with all the amino-acids, which is 
destroyed by acids. 

ReducHon of amino-esters produces amino-aldehydes (B. 41 , 956); oxidation 
^th HtOy, see C. 190S, 1 .1x64. 
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One of the chief characteristics of the a-amino-fatty acids is that 
when they lose water they 5deld cyclic double acid amides correspond¬ 
ing with the cyclic double esters of the alpha-hydroxy-acids or lao- 
tides. 

0<^0‘CH°>0 NH<gg*c^O>NH. 

Glycollide. GlycocoU Anhydride. 

The y- and 8-anuno-acids, and amino-acids possessing long chains, however, 
are capable of forming cyclic, simple acid amides, the lactams, corresponding with 
the lactones, the cyclic, simple esters of the hydroxy'acids : 



Butyrolactone. y-Butyrolactaro, 

Pyrrolidone. 


rH CH '!>NH 

S-Val(.rolactone. 3*VaIerolactam, 

* a Oxopipendine. 


a-Amino-fatty Acids. 

GlycocoU, Glycin, Ammo-acetic Acid [Amino-ethane Acid], 
COOH coo 

I or I I , m.p. 232-236°, is obtained by the general methods 

CH2NH3 

of picparalion (pp. 381,382): (i) From monochloracetic acid and 
ammonia (di- and tnglycoUmidic acids being formed at the same time); 
or bv warming monochloracetic acid with dry ammonium carbonate 
(B. 16, 2827 : 33, 70); (2) from phthalyl glycocoll ester (B. 22, 426); 
{3) by the reduction of nitro-acetic acid; {4) of cyanoformic acid; 

(5) by heating methylene amino-acetonitrile with hydrochloric acid, 
wlun it changes to the hydrochloride of glycine ester (B. 29, 762); 

(6) from methylene cyanhydrin, the product obtained by the union 
of formaldehyde and hychocyanic acid. Ammonia converts it into 
glycocoll nitnle, which is converted into glycocoll by boilmg barium 
hydroxide solution (A. 278, 229 ; J. pr. Ch. [2] 66,188): 


CHjO 


CH 


Glycocoll may be prepared by methods i, 2, 5, and 6, or by the 
decomposition of hippunc acid (see below). A rather striking forma¬ 
tion of glycocoll is observed {7) by conducting cyanogen gas into boilmg 
hydriodic acid: 

CN.CN+2H,0-|-2H,=H00C.CH,NH,+NH,; 

and, further, (8) by allowing ammonium cyanide and sulphuric acid to 
act on glyoxal, when the latter piobably at first yields formaldehyde 
(B. 16, 3087); (9) from glyoxylic acid (p. 388} by the action of 
ammonia, with the intermediate formation of formyl glycocoll (B. 86» 
2438). 

Hxstory and Occurrence.—Braconnot (1820) first obtained glycocoll by decom¬ 
posing glue with boilmg sulphuric acid It owes its name to this method of form^ 
uon and to its sweet taste : 7 Xvmi;s, sweet, glue. 

VOL. C . 
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Dessaignes (1846) showed that glycoco]! was formed as a decomposition 
product when hippuric acid was boiled with concentrated hydrochloric add; 

COOH COOH 

I +H* 0 +HC 1 »= 1 +CJI5COOH. 

CH,NH.COC,n, CH,Nn,.HCl 

Hippuric Acid GtycocoU Benzoic Acid. 

Benzoyl Glycocoll. Hydrochloride. 

Strecher (1848) observed that glycocoll appeared from an analogous decompo¬ 
sition of the glycocholic acid occurring in bile (comp, taurine, p. 32b); 


COOH COOK 

I + ^OH « I -h C,4H„06K + H,0. 

Cn,NH,.C54H„04 CH,NH, 

Glycocholic Acid. Potassium Pota‘!<>him 

Amino'acetate. Cholate. 

Since then, glycocoll has been found to constitute the break-down product 
of many other animal and vegetable proteins; it is especially abundant in the 
fibrom of silk. 

Glycocoll was first (185S) prepared artiiicially by Perkin and Duppa, when 
they allowed ammonia t») act on bromacetic acid. 


Properties ,—Glycocoll crystallizes from ^Vhter in large, rhombic 
prisms, which are soluble in 4 parts of cold water. It is insoluble in 
alcoliol and ether. It possesses a swectisli taste, and melts with de¬ 
composition. Heated with barium hydroxide it breaks up into methyl- 
amine and carbon dioxide ; nitrous acid converts it into glycollic 
acid. Ferric chloride imparts an intense red coloration to glycocoll 
solutions ; acids discharge this, but ammonia restores it. 


Metallic Salts. —An aqueous solution of glycocoll will dissolve many metallic 
oxides, forming salts. Of these, the copper salt, fC8H4N0j)jCu + H, 0 , is very 
characteristic, and crystallizes in dark blue needles: silver salt, CjH4NO,Ag, 
crystallizes on standing over sulphuric acid. The combinations of glycocoli 
with salts, e.g. CgUsNOa-KNOa, CallRNOa-AgNOa, are mostly crystalline. 

Ammomnnt Salts. —Glycocoll yields the following compounds with hydro¬ 
chloric acid: CaHsNOj.HCl and 2(C,H5N02).HCI. The first is obtained with 
an excess of h3^1rochlol ic acid, and crystallizes in long prisms: nitrate, CjlIgNOf 
HNO,, forms larg** pnsin.s. 

Amfno-acetic Ethyl Ester, Glycocollic Ester, NHj.CHjCOOCiHg, b.p. 149®, 

resembling cocoa in odour, which is easily soluble in ether, 
alcohol, and water. In aqueous solution, however, it changes into di-aci-pipera- 
zinc (p. 391). and in ether into tri-glycyl-glycine ester (p. 392). The ester is 
particularly suitable for the preparation of various derivatives of glycocoll ( 13 . 34 , 
436). Glytocolhc Ester Hydrochloride, HCl.NfIt.CnjCOOC,H5, m.p. 144®, is 
formed bv the passage of HCl gas into a mixture of alcohol and glycocoll, and 
can employed as a method of estimation of glycocoll on account of its slight 
solubility m alcoholic hydrochloric acid (B. 39,548). It is also obtained from 
methylciie-ammo-acetonitrile (see below), aceturic acid (p. 388) ( 13 . 29 , 760), or 
from the reaction product of hexamethylamine and potassium chloroacetate 
(C. 1899, I. 183, 420), by the action of alcoholic hydrochloric acid, whereby the 
ester hydrochloritle results. This is also formed by pouring excess of alcohol on 
Glycyl Chloride Hydrochloride, HCl.NH»CH,COCl, which is prepared from pre¬ 
cipitated glycocoll and phosphorus pentachloride in acetyl chloride, as a crystal¬ 
line powder (B. 38 , 2914). 

Glycocollamide, Amino-acetamide, NHsCHaCONH|, is produced when 
glycocoU is heated with alcoholic ammonia to 160*. It is a white mass which 
dissolves readily in and reacts strongly alkaline. The HCl-salt results 

on heating chloracetic ester to 70® with alcoholic ammonia. 

Glycocoll Hydroxide, NH,CH,CO.NHNH*, m.p. 80-85*, is obtained from 
glycocoll ester and hydrazine hydrate, as a hygroscopic crystalline mass ; hydro¬ 
chloride, CjHtNjO.zHCI, m.p. 201® (J. pr. Ch. [2] 70 , 102). 

Glycocoll Nitrile, Amino-acetonitrile, NH,CH,CN, b.p.,, 58®, is prepared from 
glycoll nitrile and alcoholic ammonia at o® ; hydrochloride, m.p, 165®; suiphaUt 
CbH«N,.H,SO«, m.p. loi® (J. pr. Ch. [2] 66, 189; B. 86, 151k). 



NITROGEN DERIVATIVES OF THE HYDROXY-ACIDS 387 


Methylene Amino-acetoniifilet CHs=KCHsCN. in.p> 129°, with decomposition, 
is formed from formaldehyde, ammonium chloride, and potassium cyanide; 
also from glycocoU nitrile and formaldehyde. It may consist of a double molecule. 
It is remarkable for its crystallization (J. pr. Ch. [2] 65 , 192 ; B. 80 ,1506). 

COOH COO 

Methyl GlyeoeoU, Sarcosine, \ or I \ , m.p. 2x0-220* 

CHjNHCH, CH,NH,CH, 

with decomposition, was first obtained by Liebig (1847) as a decomposition 
product of the creatine contained in beef extract. Its name is derived from 
flesh. Volhard (1862) prepared it synthetically by the action of methyl- 
amine on monochloracetic acid; and it is also fproduced when creatine or 

COsH NH, 

methyl slycocyamine, 1 | , or caffeine is heated with barium 

CH,N(CHa).C=-NH 

hydroxide solution. It dissolves readily in water but with difficulty in alcohol. 
The niUile of sarcosine is obtained together with metliylamine from methylene 
cyanhydriu, the additive product of formaldehyde and hydrocyanic acid (A. 279 , 
39; J- pr. Ch. [2] 65 , 188). When melted it decomposes into carbon dioxide 
and dimcthylamine, yielding al the same time sarcosine anhydride (p. 39a). 
It form's salts with acids, which show an acid reaction. Ignited with soda-lime 
it evolves rndhylamine. * Sarcosine yields methyl hydantoin with cyanogen 
chloride and creatine (q.v.) with cyanamide. Sarcosine Ethyl Ester, CHjNHCHa- 
COjCjHg, b.p.,0 43*’ (B* 34 , 452). 

Dimethyl GlycocoU, (CHajaNt'HjCOOH, is prepared by the hydrolysis of its 
nitrile, dimethylamino-acetonitrile, (CH|)aNCH,CN, b.p. 138°. This is formed by 
the action of dimethylamine on mcthylcne-amino-acetonitrile (above) or on 
glycolHc nitrile. Dimethylamino-acetic Methyl Ester, (CH3)2NCH,COOCHa, b.p, 
1^5®, IS obtained from the interaction of chloracetic acid and dimethylamine. 
It IS isomeric with betaine, into which it changes when heated. Betame, on the 
oth(r han<l, whon luMlod above its melting point (203*’) is isomerized to a large 
extent into dimethyl ammo-acetic methyl ester (B. 3 5 , 584): 

(CHs)2NCHjCOOCH, (CH3),bfCH,COO. 

COO 

Trimethyl GlyooeoU, Betaine, Oxyneurine, Lycine, \ \ , has already 

CH,N(CH2), 

been mentioned (p. 330) in connection with choline, from which it is prepared by 
oxidation. 

Us hydrochloride is preparerl by the union of monochloracetic acid with 
trimcthylarainc (B. 2,.i67 ; 3 , 161 ; 35 , 603): 

ClCH,COOH-fN(CIl,)3-ClN{CH3)3CIl5COOH. 

Similarly, chloroacetic ester and trimcthylamine yield Betaine Ester Hydro¬ 
chloride, ClN(CH3)3CH,.COftC2H5, m.p. 143® (B. 38 ,167). Betaine is also obtained 
by the mcthylation of glycocoU by means of methyl iodide, potassium hydroxide, 
and methyl alcohol. It occurs in beet-root (Beta vulgaris) (Schetbler, B. 2 . 292 ; 
3 , 155), and is to be extracted from the " mclassc of the beet-sugar factory, in 
which it is the substance which gives rise to the trimethylamine obtained there¬ 
from (p. 165). It also occurs in the leaves and stalks of Lycium barbarum, in 
cotton seeds, and in germ of malt and wheat (B. 26 , 2151). 

It crystallizes in deliquescent crystals in which the acid, HON(CHj)gCUgCOOH, 
may be present. At 100® this ammonium hyd roxide derivativ e loses one molecule 

of water, forming a cyclic ammonium salt, (!)N(CHa)3CH2CO, m.p. 293 ®# wi^ 
conversion into dimethyl amino-acetic methyl ester (see above). Iodine in 
potassium iodide precipitates a periodide from an aqueous solution of betaine 

(C. I 904 » 950). • 

The action of ethylamine. diethylamine and triethylaminc on chloracetic 
acid pro duces ethy l glycocoU, diethyl glycocoU, and triethyl glycocoU, triethyl betaine, 

(CjH3 )jNChVcCx!). Similarly to betafne itself, the latter compound is converted 
by destructive distillation into diethylamine acetic ethyl ester, b.p. 177°! the iodo* 
ethyloxide of which is reconverted by silver oxide into triethyl betaine. Similar 
changes have beeogobserved with dimethyl ethyl betahtes and methyl diethyl betaina 
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(B. 85 , 5 ^ 4 )* homologous hetatnes can also be prepared by the addition ol 
lodo-alkyls to dialkylaminc acetonitriles and the subsequent saponification of 
the iodo-alkylate formed. The dtalkylatnino-aceionitriles just referred to can be 
synthesized from formaldehyde, hydrocyanic acid, and dialkylamines (B. 86, 
4188). * 

CH,I I -1 

(C,H,),NCnjCN —> (C,HB)aN(CH,I)CH,CN-(CjH5),]^(CH,)CH,COO. 

Formyl Glyoocoll, h'ormavmne Acettc Actd, HCONH CHjCOOH, m.p. 151- 
152°, isprepaicd by liratm^j glycocoll with formic acid to 100°; and from glyoxylic 
acid and ammonia (B. 36 , 2525 : 38 , 3999). 

2 CH 0 .C 00 H+NH,-=HC 0 .NH.CH,C 00 H t C 0 ,-fH, 0 . 

Glvoxylic Acid. Formyl Glycine. 

Aoetyl Glycocoll, Acetamine Acetu Actd, Acetunc Ai /(^.(Tf^CONH.CHjCOOH, 
m.p. 206®, iLSuUs trom the action oJ acetyl chloride on silver glycoroll; from 
acetamide and uionochloiacetic acid , from ammonia and a mi\tuieof glyoxylic 
and pyroracemic acids (B. 36 , 2520). It is readily soluble in water and alcohol, 
and behaves like a monobasic acid (B. 17 , 1664). 

More important are hipputtc aetd or benzoyl glycocoll [q v.) and glvcocholic 
acid {q.v.) which have aheady been referred to in connection with glycocoll, and 
which will be dealt with later. They are similarly constituted to accturic acid. 
Naphthalene S\tlphoglyc%ne, C,5H,SO,NH.CH,COOH. m.p. 155° (B. 35 , 3779). 

Iminodiacetic acid and nitnlotriacetic acid bear the same relation to glycocoll 
that di- and tnhydroxy-cthylaminc sustain to hydroxy-ethylamine: 

NH*CH,CO,H NH{CH,.CO,H), N(ai,.CO,H). 

NHjCHjCHjOH NH{CH,CH,OH), N(CH,CHjOH;s. 

These compounds are formed on boiling monochloracetic acid with concen- 
(rated aqueous ammonia (A. 122 , 269 ; 145 , 49 ; 149 , 8<S). 

Iminodiacetic Acid, NH(CH,CO,H)„ m.p. 225°, forms salts both with acids 
and bases, whilst Ntirilotnacettc Acid, N(CH,CO,H)3. cannot unite with acids. 

Imino-acetonxtnle, NH(CH,CN)3, m.p. 75®, and Nitrilo^acetorntnle, N(CH,CN)„ 
m.p. 126°. are obtained from methylene cyanhydrin and ammonia (A. 278 , 229 ; 
279 , 39). Dimethyl Dicyano-methyl Ammonium Bromide, (CHj),NBr(CH,CN),, 
is prepared from dimethylamino-acetonitnle and bromacetonitnle (B. 41 , 2x23). 

Alanine, a-Aminopropionic Add, CH3CH(NH2)COoH, or CHaCH- 

I I 

(NH3)C00, m.p 293° with decomposition on being rapidly heated, 
is derived from a-chloro- and a-bromo-propionic acid by means of 
ammonia; also from aldehyde-ammonia, hydrocyanic acid, and hydro¬ 
chloric acid; or aldehyde, ammonium cyanide, and hydrochloric acid 
(B. 41, 20O1), by hydrolysis of the intermediate a-amino-propioni- 
trile, Cn3CH(NH2)CN. This can be precipitated as sulphede from an 
alcoholic solution of aldehyde-ammonia and hydrocyanic acid by 
sulphuric acid, and may be resolved into its optically active components 
by form<ttion of the tartrates (p. 384) (C. 1904, L 360). 

Synthetic alanine, of which the name refers to its connection with aldehyde- 
ammonia, is the racemic or [d f-/] form of a-amino-propionic acid. It crystallizes 
from water in aggregates of hard needles; it is soluble in 3 parts of water, less 
e^ily in alcohol, and not at all in ether. On being quickly heated, it melts 
with partial decomposition, partially into ethylaminc and CO„ and partially 
into aldehyde, CO, and ammonia (B. 25 , 3502 : 82 , 245). Alanine Ethyl Ester, 
CH,CH(NH|)COOCaH5, bpj^ 48®; hydrochloride is easily soluble in alcohol, 
contrary to glycine cfctcr hydrochloride (B. 84 , 442). Alanine Chloride Hydro- 
chloride, CH,CH(NHjCI)COCl, is a white crystalline powder (B. 38 , 20x7). 
^-Naphthalene Sulpho-alaninp, Ci,H,SO,.NHCH(CH,)COOH, m.p. 152* 
Benzoyl Alanine, C*H5CO.N[TCH(CHs)COOH, m.p. 1G5®, is resolved by means 
of brucine into the components [d- and /]- benzoyl alanine, which, on hydrolysis, 
yield I- and d-alanine. 

d-Alanin also occurs as a product of hydrolytic decomposition of many 
proteins; from fibrom of silk it is obtained by means of its ester. It forms 
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rhombic crystals, which decompose at 297° In aqueous solution ita rotatory 
power IS small. [a]5?=H-2 7® » m hydrochloric acid solution it is much greaterj, 
[a]f = + 10*4® (B 89, 4^2 » ^721) 

Nitrous acid converts d-alanine into the ordinary d-lactic acid (p 364); on 
the other hand, nitrosyl bromide (p 384) changes d-alanine into /-bromopro- 
pionic acid, which with ammonia yields /-alanine This, with nitrosyl bromide, 
gives d-bromopropionic acid, which ammonia converts into ^/-alanme (Waiden*s 
inversion, p 364 , B 40 , 3704) d-Alanine is also obtained by the reduction, 
with sodium amalgam, of / d-chloralamne, ClHaCH(NH2)COOH The ester 
of this acid is obtained from /-senne ester ^-hydroxy~a-aminopropionic ester) 
and l^Clg. since /-serine can be converted into a-glycc]<c acid and this into /-tartanc 

COOH 

acid, the formula of d-alamne mu*^t be NHg—C—CH, (B 40 , 37x7) (see also 


th« considerations on the configuration of the carbohydrates) 

lodomelhane and sodium hydroxide solution convert rf-alanme into l-Tnmeihyl 
Propxontc Betaine (CHa)aNCH(CHg)COO, which also results from the interaction 
of </-a-bromopropionic acidand tnmcthylaminc (B 40 , 5000) 3 rxetkyl Proptontc 

Betaine is formed by hydrolysis of the lodo ethylate of Dxethylaminoproptonttrtle, 
(CjH5)jNCH(C Ha)CN, b p 81 ®, the reaction product of lactic acid mtnle and 
diethylamine (B 86, 4188) 

CH CH 

Imtnodtpropiontc Acxd^ HOCO^^^—coiitains two 

asymmetric carbon atoms, giving rise to two optically inactive forms, m p 255*, 
corresponding with mesotartanc acid, and m p 235®, corresponding with racemic 
acid The monamides mps 332® and 210®, are formed by the prolonged inter¬ 
action of dilute hydrocyanic icid and aldehyde-ammonia at ordinary tempera¬ 
tures. together with xmxnodxpropxonxmxde^ NH[CH(CHa)CO]*NH. mp 186®, 
alanine, and other substances (B 89 , 3042) 

Higher homologues of a-amino-acids are prepared mainly by the general 
m<thnds (t) fiom a-halogen-fatty acids and (5) from the nitriles of a-hydroxy- 
acids and ammonia • 

a- 4 mxno « butyric 4 cid, CHsCN^CH(NHa)roOH, m p 307® with decomposi¬ 
tion, IS resolved by means of the morphme salt of the 6cwaroy/-dciivative, </-acid 
^ I ‘I'Cid ral"— ~7 9° . ethyl ester, b p „ 01® (B 38 , 2387 . 34 , 443); 
nitrile (H 41,2062) a.-Amino-xsQbutyrxc Acxd, (CHa)gC(NHt)COaH. sublimes at 
280® without m< Iting, and is formed also by oxidation of diacctonamine sulphate . 
nxtrxle bpjj 50®, is .prepared from acetone and ammonium cyanide (B 88, 
1900, 89 , iiSr 1726) a Amxno-valerxc Acid, C Ha[CH JgCH(NH2)COOH. is 

formed also by oxidation of benroyl comine (B 19 , 500). ethyl ester, bp, 68® 
(B 35 , 1004) « 

a-^mino isovaleric Acid, Valine, Butafanine, (CH,)aCHCH(NH,)COOH, 
decomposes 29S® The inactive acid results from a broraisovaleiic acid and 
ammonia, ethyl ester, bp, 63® Formyl Valine, HCONHCH(C,H7)COOH, 
m p 140-143®, IS produced by heating valme and formic acid togethei It is 
resolved by means of its brucine salts, the /- and rf-formyl valme, yielding UValine 
and d-VaXxne The latter, mp 315®, [a ]?=+5 42®, in aqueous solution and 
-1-28 8® in hydrochloric acid, is a decomposition product of protein bodies 
—m the germs of the lupin, fioin, casein, from protamines and from the pancreas 
of oxen /-Valine has a much sweeter taste than rf-valine (B 39 ,2320) a Amino 
Methyl Ethyl Acetic Acid, (C2H5)(CHa)C(NH,)COOH. is prepared from methyl 
ethyl ketone, etc , ethyl ester, bp,, 66® (B 85 , 400 , 89 , iibg) ^ 

a-Aminoeaprolo Adds. a-Amtno-xt-caprotc Acid, CH,rCH2]aCH{NH,)COOH, 
is prepared fiom a-bromo-n-caproic acid and ammonia® It is resolved mto 
its optical component by means of its d^wroyf-denvative (B S 3 , 2381 , 34 , 3764)- 

a-Amiuo-iaocaproio Acids. Leucine.—(CH3)2CHCH2CH(NH2)COOH, 
optically active leuane. Leucine (fiom A-cv/cos, glistening white, 
referring to the appearance of the scaly crystals) occurs m difCerent 
fluids, bf the pancreas, in the spleen, in the lymph-glAnds, and 
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is ph3^iologically very important. It is formed by the decay of pro¬ 
teins, or when they are boiled with alkalis and acids. It is prepared 
by heating horn, the dried cervical ligament of oxen, or from casein 
with dilute sulphuric acid. Its purification is best effected byconver¬ 
sion into the ester (B. 34, 446; C. 1908, I. 1633). Leucine is also 
obtained from vegetable proteins siich as that of the lupin. Strecker 
(1848) showed tliat when it was treated with nitrous acid it passed into 
a hydroxycaproic acid, leucic acid, m.p. 73°, p. 366. 

The naturally occurring leucine, m.p. 270®, sublimt’'? unaltt-red when carefully 
heated, but decomposes on rapid rise of tempejMture into amylamine and CO,. 
It forms shining h aflets, which feel greasy to the touch. It is .soluble in 48 parts 
of water and 800 parts of hot alcohol. It is optically active, the free acid rotating 
the plane of polarization to the /tf//, whilst its hydrochloride it to the ri^ht. 

When heated with alkalis it becomes inactive and is then identical with that 
synthesized from isovaleraldehyde, ammonium cyanide, and hydrochloric acid ; 
or by decomposing the condensation product of isobutyraldehyde and hippuric 
acid (A. 316 , 145): 

NH^NC /NH, nh- C,Hj(':N 

(CH,),CHCH,CHO--^(CHa),CHCH,CH< *-| 

VOOH O.CO „ 

(CHal/HCH 

The resolution of the xdiC.-benzoyl leucine, (CH3)jCH('ll2rU(NllCOC|H5)C‘OOH, 
by means of cinchonine produces benzoyl d-leucine (la*N’o-iotatory) and benzoyl 
l-leucine (dextro-rotatory), troni which hydrolysis liberate.s d-lcucine (dextro¬ 
rotatory), and l-leucine (Izevo-rotatory) identical with the naturally occurring 
substance. It is more convenient to resolve by means of [d-\-r\-formyl leucine, 
HC0.NHCH(C4H9).C00H (B. 38, 3997). rf-Leucine is also obtainable from 
/-leucine by Pcnicillium glaticum; its hydrochloiide is Ixvo-rotatory ( 13 . 24 , 
669 ; 26 , 56 ; 33, 2370). Leucine Ethyl Ester, b.p. I9(>“. Acetyl Leucine, m.p. 160® 
(B. 34, 433). Leucine Chloride Hydrochloride, C^H^tT^NUgCbC OCl (B. 38 , 615 ). 

a-Amino-%^c.-butyl Acetic Acid, Isoleucine, ^|j®>CH.(TI(NHj)COOH, con¬ 
tains 2 asymmetric carbon atoms, and therefore gives rise to 4 optically active 
components and 2 racemic forms. A d-isoleucine, m.p. 280®, with decomposition, 
[a]J?—-r9'7 in water, +3b'8 in hydrochloric acid, occurs together with leucine 
in beet-root melasse, and as a decomposition product of proteins. Synthetically, 
rac.-isoleucinc is produced by reduction of a-hydroximino-isobutyl acetic acid 
(p. 410), and from a-bromo-scc.-butyl acetic acid and amfpoiiia. i-lsoleucinc is 
prepared from (/-valeric aldehyde by the cyanhvdrin synthesis (B. 40 , 2538 ; 41 , 

1453)- 

a-Amino-mnanthic Acid, CH8[CHa]4CH(NHj)COaH (B. 8, 1168). a'Amino 
caprylic Acid, CHj[CHgj5CH(NH2)C'OjH (A. 176 , 344). a-Aminopalmxtic Acid, 
CH,[aia]iaCH(NH,)CO,H (B. 24 , 041). a-Ammostearic Acid, ClIaCCHjluCH- 
(NH,).COaH, m.p. 221® (B. 24 , 2395). 

^ OIPF.PTIDES AND POLYPEPTIDES 

As has repeatedly been mentioned, tfic simple a-amino-acids, such 
as glycocoll, alanine, valine, and leucine, occur together, and also with 
such complicated substances as serine, prolinc, cystine, asparagine, 
lysine, arginine, histidine, and tyrosine, as products of the hydrolytic 
decomposition of proteins. It is probable that these breakdown 
bodies are united wtih one another in the protein molecule through their 
amide groups. 

This question has been attacked both synthetically and analytically 
(E. Fischer: Untersuchung iiber Amino-sauren, Polypeptide und Pro- 
teine, Berlin, 1906; Th, Curtius: Verkettung von Amino-sauren) (J. 
pr. Ch. [2] 70* 57). In synthesis, the esters, chlorid^, and azides of 
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the aminocarboxylic acids themselves or of the substances which go 
to produce them, have been employed; and by their means the 
aminacyl residue has been substituted into the amino-group of other 
amino acids, and the process has been successively repeated. The 
aminacyi aminocarboxylic acids produced have been named by £. 
Fischer, peptides because of their comparability with the natural pep¬ 
tones (protein products of digestion). They arc classified according to 
the number of the connected amino-acids— di-, tri-, tetra-peptides, etc, 
I. Dipeptides and their inner anhydrides, cyclic double amides, ay- 
Dioxopiperazines. a-Amino-osters, when headed or even on standing 
in aqu('ous solution, part with alcohol and form dimolccular cyclic 
amides, corresponding with the lactides (p. 385): 


2N II ,CH ,COOC,H , =NH -h 2C jH ,OH. 


Tlie fundamental substance, to which such compounds can be 
referred as lieing oxygen substitution products, is diethylene diamine 
or piperazine (p. whence the names ay-diketo-, diaci-, or dioxo- 
piperazine : 


COv.^Q 

Diglyrollide. 


V. « 

ay- Dioxopi perazine 


Piperazine. 


When wiiimccl for a short time xvitli hytlrot Moric or hydrobromic acid, or 
wh( ii shaken with dilute alkalis, the (lioxopipera/.iiie is split up into the cJipcptide, 
\vhi h who^ ' ’ ..d, or when its Lotcr is healed, easily changes into the dioxo- 


pip latino; 


NII<; 


ro—rrr 

'll. -('()" 




MI 


ay-Diozopipcranne. 



Horo— CTKv XJTT 

GIvi vl Glyrinp 
(the sjmpU'*L ilii’t plidc). 


UnsvmmetrK ally substitut(‘(l dioxopipeiazines, buch as Icucyl glycine 
anliydnd'\ c.in be split into two dillercnt dipeptides, from which the same 
anhydride c.m ho rcfoimed. 


2. Dipeptides and polypeptides are obtained in the following 
nuinner:— (a) Chlorides of the a-halogen fatty acids react wdth 
a amino-acids to form a halogen acylamino acids, which with am¬ 
monia give dipc^ptidt's. Tlu'sc by further treatmtmt with a-halogcn 
acyl chlorides and ammonia yield tripeptides. and these tetrapeptides, 
pentapeptides, and so on ; 

NH3 

ClCH.l'O.NIlCIJjjCOOH-^ NH,CH,CO.NHCH,COOH- > 

Cbloracetyl Glycine. Glycyl Glycine. 

NH, 


ClCIIjCO.NHCHjCO.NHCHaCOOH-V 

Cbloracetyl Glycyl Glycine. 

NHiCHjCO.NHCHaCO.NHCHaCOOH, 
Diglycyl Glycine. 

The esters of the halogen acybmino-acids are easily converted by ammonia 
into dipeptide anhydrides, dioxopiperazines (sec above). 

(6) Again, the halogcn-acyl-amino acids ran be converted into thru chlorides^ 
united with other amino<acids and then be acted on by amiuoiiia : 
C 4 H,CHBrCO.NHCJl 3 COCl- > * 

Bionusoctproyl Glycine Chloride. 


NH, 


C4H,CHBrCO NIICHaCO.NHCHjCOOH 

Bromisocapioyl Glycyl Glycine. 

C4H,CH(NH,)C0.NHCH.C00H. 

Leucvl Glycyl Glycine. 



ORGANIC CHEMISTRY 


3^ 

(c) Finally, the chlorides of the amino-carboxylic acid hydrochlorides can be 
employed with advantage (p. 3S3). The azides, also, of the acyl amino-acids 
such as hippuryl azide, CgHj.CONHCH*CONj, unite with amino-acids, splitting 
off NgH, and easily forming acyl detivaitves of the di- and polypeptides. 

3, Higher polypeptides result from heating the methyl esters of lower peptides: 

2NH,CH,C0.NHCH,C0.NHCH,C0,CH8- > 

Diglycyl Glycina Ester. 

NH,CH»CO.[NHCH,CO]4NHCH,COaCH,. 

Pentaglycyl Glycine Ester. 

4. Analytically, some di- and polypeptides have been produced by the partial 
hydrolysis of proteins, such*as silk ffbroin, elastic, gliadme, gelatin, by means of 
cold fuming hydrochloric acid ; or by tryptic digestion, as, for instance, glycyl 
alanine, alanyl leueme, alanyl diglycyl tyrosine (?) (B. 40 , 3544 )- 

Properttes, —Di- and polypeptides are mostly soluble in water; less soluble 
are, for instance, the penta- and bexa-peptides of glycocoll, which are, however, 
soluble in acids and alkalis, showing that the amino-acid character is preserved. 
The peptides are mostly insoluble in alcohol. They decompose, with or without 
melting, above 200®, the dipeptides forming mostly dioxo-piperazine. 

The ** biuret reaction "—a red or violet coloration with an alkaline solution 
of copper sulphate—which is characteristic for the njiturally occurring proteins, 
is given by many of the higher artificial peptid<*s, such as Curtius* biuret base 
(triglycyl glycine ester). 

The behaviour of di- and poly-peptides with pancreatic juice is of importance, 
since some are hydrolyzed by it and some are not, e.g. [d-f/]-alanyl glycine is 
split up, yielding (f-alanine and glycine, whilst glycyl alanine is not. All peptides 
are completely hydrolyzed by hydrochloric acid. 

Glycyl Glycine, NHjCH,CO.NHCH,COOH. decomposes 215-220®; ethyl 
ester, m p. 89®, easily parts with alcohol, yielding 

Gly cine Anhydride, Digl ycolyl Dtamtde, ay-Dioxopiperaiine^ ay-Diacipipero^ 

sine, JJHCHjCO.NHCHaCC), m.p. 275 ®. is also easily prepared from glycocoll 
ester in aqueous solution. By boiling for a short time with strong hydro¬ 
chloric acid or by shaking with nh sodium hydroxide, it is easily split up into 

glycyl glycine (B. 88, 607). Sarcosine Anhydride, CH8l!jCH2CON(CHj)CHjC(!), 
m.p. 150®, b.p. 350®, is obtained by heating sarcosine (B. 17 , 286). 

Glycyl [d~\-l\~Alanine, NHgCH2CO.NHCH(CHj)COOH, m.p. 227® with decom¬ 
position, is prepared from chloracetyl alanine and ammonia ; anhydride, m.p. 
245® with decomposition, is forme<l from chloracetyl alanine ester and ammonia. 

Glycyl d-Alantne and its anhydride are obtained by the hydrolysis of silk 
fibroin (B. 40 , 3546). d~Alanyl Glycine, CHjCH(NH*)CO.NHCH,COOH, m.p. 
235® with decomposition, is produced from <f-alanyl chloride hydrochloride and 
glycocoll ester (B. 88, 29x4). 

Alanyl Alanine, CH3CH(NHg)CO.NHCH(CH3)COOH, m.p. 276® with decom¬ 
position, is obtained by the decomposition by alkali of its anhydride, Di~lactyl 

Di-amide, Lactimide, NH<^q m.p. 275®. The anhydride is best 

obtained from alanine ester at 180®. It is reduced by sodium and alcohol to 
^8-dimethyl piperazine (B. 38 , 2376; C. 1902, I. 631). I-Alanyl d-Alanine is 
produced from /-bromopropionyl d-alaninc and ammonia, [ajj*——68*5® ; its 
ester on parting with alcohol is converted into the optically inactive meso-anhydtide 
(see Introduction, p. 32). 

a-Aminobutyryl a-Aminobutyric Acid, NH,CH(C,Hy)CO.NHCH(C,H2)COOH. 
3 stereoisomeric forms, m.p. 273® with decomposition, and m.p. 257® with decom¬ 
position, is prepared from bromobutyryl aminobutyric acid; anhydride, m.p. 
267® (A. 840 , 187), 

l.eucyl Leucine, NHaCH(C4H9)CONHCH(C^H9)COOH, m.p. 270® with decom¬ 
position, is formed from biomisocaproyl Icucme and ammonia; anhydride leu- 
cinimide, m.p. 271®, is prepared from leucine ester (B, 87 , 2491). 

Diglycyl Glycine, NH,CH3CO.NHCH,CO.NHCH,COOH, m.p. 246® with 
decomposition, is prepared from chloracetyl glycyl glycine and ammonia ; methyl 
ester, m.p. iii®, vhen heated pa'sscs into pentaglycyl glycine ester, slightly soluble 
in water (B, 80 472). , 
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Triglycyl Glycine is prepared from chlozacetyl diglycyl glycine; tfsfsr, 
NH,CH,CO.NHCH,CO.NHCH,CO.NHCH,COOC,Hg. the "biuret base," is 
formed together with a little glycine anhydride, when glycocoll is left to stand in 
solution in absolute ether. Benzoyl Triglycyl Glycine, m.p. 217^, is formed also 
from hippuryl glycine azide and glycyl glycine (B. 87 ,1284 ; 2486). 

Leucyl Peniaglycyl Glycine, C4H,CH{NH,)CO[NHCH,COJ.NHCH,COOH, is 
prepared from bromisocaproyl pentaglycyl glycine and ammonia (B. 88, 
461), 


jS-AMINOCARBOXYLIC ACIDS 

Of this group of substances little is known. They form neither cyclic double 
amides, as do the a*amino-acids, nor cyclic simple amides or lactams like the 
higher amino-acids, except betaine. 

p-Aminopropionic Acid, p-Alanine, CHs(NHt)CHs.COOH, m.p. 196^ with 
decomposition into ammonia and acrylic acid. It is isomeric with alanine 
(p. 388). and is prepared from B-iodopropionic acid and ammonia, from ^-nitro- 
propionic acid, from isoserine (a-hydroxy- j8-aminopropionic acid) by reduction 
with hydnodic acid and phosphorus (B. 86 , 3796); but most conveniently from 
CH,.COv 

succimide, I by the Hofmann inversion (p. 159) by means of bromine 

CH^.CO^ 

and alkali (B. 26 , R. 96 ; C. 1905. 1 . 155 ; 1906, I. 818); methyl ester, b.p.ig 
58® ; amide, m.p. 40® ; p-Dxmethylamine Propionic Methyl Ester, (CH*)tNCH*- 
CHjCOOCHj, bp. 154®, IS prepared from j 3 -iodopropionic ester and dimethyl- 
amine. Heat partially transforms it into its isomer p-Trimethyl Propiobetaine, 

(CHjlal^rCIIjCHaCOO, which in its turn undergoes transformation on melting 
into trimcthylamine atiylate, ('Hj:CHCOONH(CHj)3 (B, 85 , 584). 

p-Aminohutyric Acid, CH3ClT(NH,)CHjCO,H, m.p. 156® (approx.), is prepared 
by heating crotonic acid with ammonia. It is a very hygroscopic crystalline 
mass (J. pr. Ch. [2] 70 , 204). p-Amtno-tsovaleric Acid, (CHsy,C(NH3)CH|COOH, 
is produced by the reduction of the corresponding nitro-acid (p. 382). 


y-, 8-, and ^-Aminocarboxylic Acids. 

The most important characteristic of the y- and 8-amino-carboxylic 
acids as well as of some of the higher acids is that when heated they 
part with water and yield cyclic, simple acid amides or lactams (p. 395). 


(1) Piperidine derivatives, when oxidized, have yielded some of these acids 
{Schotten). (2) Potassium phthalimide affords a general synthetic method: 
ethylene bromide or trimelhylene bromide, acted on by it, changes to «>-brom- 
ethyl phthalimide and <s-brompropyl phthalimide [Gabriel). Tliese bodies, as 
is known, have also been utilized in the preparation of hydroxalkylamines (p. 328). 
In order to get y- and S-amino-carboxylic acids by their aid they arc caused to 
react with sodium malonic ester and sodium alkyl malonic ester. The conden¬ 
sation product resulting in this manner is decomposed on heating it with hydro¬ 
chloric acid, into phthalic acid, y-, or 8-amino-carboxylic hydrochloride, carbon 
dioxide and alcohol (B. 24 , 2430): 

I »-Bromethyl Phthalimide. 
i***{[*jco|H+NH,[CH.].CO,H 

y-Aminobutyric Acid. 


I ««-Brompiopyl Phthalimide. 

CO H -<• NH,[CHJ.C0,H. 
^ * S-AmioovalerioAcld. 


Similarly, c-bromo-amyl phthalimide can be made to yield c-phthalimido- 
amyl malonic ester, and this converted into {-aminoheptylic acid (B. 85 , xjdy). 
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Or, l^qzoyl amino-amyl iodide (p. 365) may easily be made to react with potassium 
cyanide or sodium malonic ester, the product from which is hydrolyzed. 

{3) A general method for the preparation of 5 -, and f-amino-acids and their 
lactams, is the transformation of the oximes of cyclic ketones, such as penta-, 
hexa-, and hepta-raethylenc ketoximes (Vol. II.). These are converted by con¬ 
centrated sulphuric acid into isoximes or lactams (comp. Beckmann’s inversion, 
p. 227) which can be decomposed into their respective amino-acids (Wallach, 
A. 312 , 171): 


CH,.CH,v 
I ^:NOH 

CHa.CH/ . 

CH,.CH,.C:NOH 

I I 

CHa.CH,.CH, 

CHs.CH,.CHjv 

I >C:N01I 


> I 


CH,.CH,.NH 

I ( ; 

CTIa.CHj.CO 

CHj.CHj.ril. 

I >NH 

CH3.cn 8.CO / 

CH,.CH3.CH,.N1I 


CH,.CH,.CH,.CO 


For considerations on the course of these transformations and on the Becnmann 
inversion generally, see A. 846 , 27. * 

y-Amlnobutyrlc Acid, Piperidic Acid, m.p. 183-184°. It is formed (i) when 

piperidyl urethane, is oxidized with nitric acid 

(B. 16 , 644); (2) by means of potassium phthalimide ; either—(a) by the double 
decomposition of bromethyl phthalimide with sodium malonic ester (see above), 
or (6) from cu-bromopropyl phthalimide and potassium cyanide, and decomposing 
the phthalyl y-aminobutyric nitrile (B. 23 ,1772). The acid is most conveniently 
obtained from its lactam (p. 395) by means of barium hydroxide solution (B. 33 , 
2230). y-Dimethyl Aminobutyric Methyl Ester, (CH3),N[CH3]3COOCH„ b.p. 
172°, is prepared from y-chlorobutyric ester and dimethylaminc. On heating 
ft is decomposed into butyrolactone and trimcthylamine. The isomeric y-Tri- 

metkyl Butyrobetatne, (CHj)5N[CH,]3COO, which is obtained by exhaustive 
methylation of butyrolactam in alkane solution (B. 35 , O17) undergoes the same 
decomposition. 

y-Amlnovalerlo Acid, CHaCH(NHa)CHaCH2CO*H, m.p. 193°, results from 
the decomposition of phenylhydrazone IsevuUnic acid by sodium amalgam (B. 27 , 
23 I 3 )- Both y-aniino-acids, when heated, pass into lactams. 

8-Amlno-n-Va!eric Acid, Homopiperidic Acid, NH2(CH2)4COjH, m.p. 158°, 
is produced by tlic putrescence of fibrin, flesh, and gelatin* (B. 31 , 776). 

The benzoyl derivative of this acid and also Sulpho-B-aminovaleric Acid, 
SOt[NH(CH2)4CO|ri]j, m.p. 163°, are formed by the oxidation of benzoyl piperi¬ 
dine, CHj<C^|^*Qy*>NCOC4H5, and of sulphopiperidine by KMn04 (B. 21 , 

2240); the acid is prepared from phthalimido-propyl malonic diethyl ester 
(B. 23 , 1769). 

By method 2 (p. 393) the following are also prepared : a-Metkyl h-Amino-n- 
waleric Acid, NH,.CHaCH,CHaCH(CHt)COaH. m.p. 168°; a^Ethyl B^Amino^n- 
waleric Acid. XH,CH|CHjCHjCH(CtH4)COaH, m.p. 200-200-5°; a-PropylB- 
Amino-n-valcrio Acid. NH,CHaCH,CH,CH(C3HT)CO.H, m.p. x86° (B. 24 , 2444). 
A or y-Methyl B-Amino-n-xaleric Acid, m.p. 134®, with decomposition, is pre¬ 
pared from its lactam (p. 396) (A. 81 2 , 185). 

B~Trimethyl Valerobetaine, (CH4)jN'[CHj4COc!), of which the hydrobromide is 
obtained from y-bromopropyl malonic esters and trimethylamine, by hydrolysis, 
and the action of hydrobromic acid. The substance itself is converted by heat 
into the isomeric B~D%methylamine Valeric Methyl Ester, (CH,),N[CHj4COOCHj, 
b.p. 186-189°, together with 8-valcrolactone (B, 87 , 1853). 

8-Anilno-n-oetaiilC Acid, Homoconiinic acid, CsH,CH(NH|)[CH2]4COtH, m.p, 
158°. The benzoyl compound is obtained by oxidation of bimzoyl conine with 
KMnO* (B. 19 , 504). 

c-Amlnoeaorolc Acid, a-Lencine, NH|[CH|]|COgK, m.p. 204°, is obtained 
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from phthalimidobutyl toalontc ester, from €-benMoyl aminocaproniiHle, C^H^- 
CONHCCHJjCN (B. 40 , 1839). or froni its lactam, the hexaraethylene ketone- 
isoxime. by boiling with hydrochloric acid. Similarly, various acids can be 
prepared from tlieir lactams, such as methyl €~aminocaproic acid and methyl 
isopropyl e-aminocaproic acid. c-Aminocaproic acid is oxidized by permanganate 
to adipic acid ; nitrous acid produces two isomeric hexenic acids instead of the 
expected e-hydroxycaproic acid (p. 375) (A. 843 , 44). 

C-Amino-n-heptyhc Acid, NHafCllaJaCOOH, m.p. 187® with decomposition, 
is also prepared from its lactam, tlie isosuberonc oxime (q.v .); also from the 
phthalimido-amyl malonic ester, or benzoyl amyl aminomalonic ester (B. 40 , 
1840). On heating, it no longer yields a simple lactam (B. 35 , 1369). Per¬ 
manganate oxidizes it to pimelic acid (A, 343 , 44). • 

lo-Aminocapric Acid, NH,[CH,]9COOH. m.p. 188®, is prepared from azclaic 
monoamido-acid, Nn2C0[CH2]9C06H, and alkali hypobromite ; benzoyl deriva¬ 
tive, m.p. 97®. These products are not identical with those obtained from benzoyl 
dekamethylene imine (p. 365) by oxidation (C. 1906, II. 1126). 


and ^-Lactams; Cyclic Amides of the 7-^ S^, e-, and 
JT-Amino-carboxylio Acids. 

These bodies are forfned wlien the y*, S-, and e-amino-acids are 
heated to their point of fusion, when they then lose water, and undergo 
an intramolecular condensation. Some of them have been obtained 
by the reduction of the anil chlorides of dibasic acids— e.g, succinimide 
and dichloromaloiii anil chloride. The names y-lactams and S-lactams 
have been given them to recall the lactones. They are cyclic acid- 
amides, Just as the lactones, under the influence of the alkali 
hydroxides, yield hydroxy-acid salts, So ihc lactams, v'hen digested with 
alkalis or acids, pass into salts of the amido-acids, from which they 
can be formed on the application of heat. 

Further, the y- and S-lactams bear tlie same relation io the imides 
of the y- and S-alkylcne diamines as the lactones to the oxides of the 
y- and S-glvcols (p. 371). Tlicse relations are apparent in the following 
arrangement: 


CH,CO V 

I >0 
cH.cn,/ 

v-Butyrolactooe. 


( ]| .( lI.NUa 
’!«'i.imtlbylone 
Di.iniine. 


dial U2OH 


CUjCHaOH 
Tell amethyicne 
Glytol. 

I 

CHaCJIa' 

Xetramethylone 
Oxide. 

Tetrabydrofur 

furaue. 


(lUCH 

I 


/ 


NH 

CTIaCHa^' 

Tetiamethylenc 

Iminr, 

Tetrahy<Jro- 

pyrrol. 


CII2CO 

I 

CHaCTT, 

y*Dutyioldctatn, 

a'Pyrrolidone. 


^NH 


XHaCHjOH 

CH2< 

^CHaClTaOH 
P< ntamclhylrnc 
Glycol. 

CH,\ >0 

Pentamethylene 

Oxide. 


XHjCO V 

CH2< > 

l-Valerolactoue. 


XHaCHaNH, 

CH2< 

VlT/'HjNH, 

Pentamtthyleoe 

Diamine. 

/Cn,cH.v 
CHs< >Nn 

VHjCH/ 

Penl.imt'tbylene Imine, 
Piperidine. 


XHjCO V 
CHaC >NH 

x:hxii/ 

j-Valerolactam, 

a~Piperidoue. 


CH2CO V 

y-Laetams : y-Butyrolactam, a~Pyrrolidone, I y m.p. 25®, b.p. 245®. 

unites with water to form a crystalline hydrate, C4H20NH-Ha0, m.p. 35". It is 
best prepared from succinimide by clcctiolytic reduction (B. 33 ,2224). Isopropyl 
pyrrolidone, C'lHeON.rjH-, b.p. 222®, is similarly pieparcd from isopropyl- 
succinimidc, and n-Phenyl Butyrolactam, C4H40N.C,Hb, from succinanil. It 
also be produced by reduction of dichloromaleln anil dichloride (A. 
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27). Pyrrolidone possesses {cebly basic and acid properties. Its sodium salt 
reacts with iodomethane, producing n-methyl pyrrolidone, C4HaO.NCHj, an oil. 
When boiled with P,Sj in xylol, pyrrolidone is converted into ThiopyrroUdone, 
C4H,SN, the potassium salt of which, with iodomethane, gives Thiopyrrolidofu 
p-Methyl Ether, b.p. 170® ( 13 . 40 , 2831, 2848): 


CH,—NH 

CH,—CH,/ 
Pjnrolidone. 


\co 


CIIj—NH 


\ 


CS 


CH,- 


-N, 




CH,—CFI^ 
Thiopyirolidone. 


-^ I >CSCHg. 

CH,—CII,^ 

^-Methyl Ether. 

The ^-methyl ether, pn reduction, breaks up into mcthvl mercaptan and 
pyrrolidine (p. *335). 

CH,—CH(CH,k 

y-Valerolactam, Z-Metkyl Pyrrolidone, ( >NH, m.p. 37*, can be 

^ CH,-1 O'^ 

distilled without decomposition. By reduction with sf)dium and amyl alcohol 
it is changed into o-methyl pyrrolidine (p. 335) (B. 23 , 1800, 2364, 3338 ; 28 , 

CH,—CH,v 

708). QB~Dimethyl Pyrrolidone, aa.-DtmethylButyrolactam, I ^NH, m.p. 

C(CH,),CO^ 

66®, b.p. 237° (C. 1899, T. 871). • 

8-Laetams: h-Valerolactam, a-Ketopiperidine, a-Oxoptperidine, a-Pipert- 

done, ™'P* ^-P* -5^** obtained, amongst other 

methods, by the isomeii^ation of cyclopentanone oxmie (A. 312 , 179). a- 

Mdhvl B‘Valerolactam, p-Methyl Pipertdone, m.p. 55®, 

IS isomeric with the p~ or y^Methyl Ptperidone, m p 87°, obtained from )8-mcthyl 
cyclopentanone oxime (A. 312 , 186). a-Ethylh~ValerolaLltfm,p-Lth\l Pipiyaume, 

mp. 68®, b.p.4, 141“ (B. 23 , 3694). a-Propyil- 

Valerolactam, p-Propyl Ptperidone, in p. 59®, b.p. 274®. 

* CH r'O 

Z-ti-Octanolactam,Homoconiinic Acid Lactam, Clit<C' * ]>N}I , m p. 84®. 

CH,( li-C,H, 

The ammo-acids aic not poisonous, but their y- and S-lactams are violent, 
strychnme-likc poisons, a fleeting the spinal cord and producing convulsions. 
These bodies will be met with again among the pyrrole and pyudine derivatives, 
as tetrahydropyrrole and piperidine compounds (Vol. II.). 

CHs.CH,.COv 

€-Caprolactam, 1 yNH, m.p. 69®, is obtained by the trans- 

CH,.CH,CH/ 

formation of cyclohexanone oxime (A. 312 , 187): and from c-aminocaproic 
acid (p. 394). It acts, physiologically, as a nerve poison ^-Methyl cyclo¬ 
hexanone oxime and also oximes of the terpene ketones monthono and tetrahydro- 
carvone can be converted into two methyl ^-caprolactams, m ps. 44® and 105® 
(structur*^, A. 846 , 253) and two isomenc methyl tsopropyl ^-caprolactams, 
menthone isooxime, m.p. 120®, and tetrahydrocarvone isooxtme, m.p. 104® (A. 312 , 

197. 203)- 

CH,CH,CH,.NH 

t^Heptolactam, \ | , m.p. 25®, b.p., 156®, is prepared from 

CH,Cn,.CH,CO 

heptamethylene ketoxime or subcrone oxime. It can be broken down into 
{-amihoheptylic acid (p. 395), which on warming with nitrous acid is converted 
into cf-heptylcnic acid (A. 312 , 205). 

IX. Fatty Aeld EiU^voinw, Nttramine Acettc Actd, CO,HCH,.NHNO,, m.p. 
103®, is prepared by hydrolyzing its ethyl ester (m p. 24®), which results 
on treating nitrourethane acetic ester, C,H50,C.N(N0,).CH,C0,C,H4, with 
ammonia (B. 29 , 1682). 

12. Isonltramlne Fatty Aaids are obtained in the form of their sodium 
salts when sodium itonitramine acetoacetic esters and sodium isonitramine 
mono-alkyl acetoacetic esters, or the explosive dinitroso-compounds of the 
hydrazo-iatty acids, such as hydrasoisobutyzio acid (p. 4x6^ are acted on by 
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the alkalis (B 29 , 667, A 800 , 64) They are converted into hydroxyiamino- 
fatty acids by dilute mineral acids (p 381) Acid reducing agents change them 
to ammo-fatty acids whilst alkaline reducing agents produce diaro-acids (p 402) 
and hydrazmo-acids (see below) 

Isomtramxne Acetic Acid, CO,HCH,N<q^, is a syrupy hquid Isonitra- 

CO|HC(CHj), N(NO)OH, mp 94* Their lead salts dissolve 

with difficulty 

13 (^) Hydrazlno-fatty Adds arc obtamed, together with the diazo-acids. 
when the isonitramine fatty acids are acted on with alkalmc reducing 
agents Ihcir carbamide derivatives are obtained in^the form of nitriles when 
hydrocyanic acid becomes added to the ketone senucarbazides HydYcunno~ 
acetic Acid, NHjNH CH|COOH m p 152®, with decomposition (B 31 , 164) 
(See also Amidohyd intoine Acid Ester and Carbanudohydrazo-acetic Ester ) 

a-HydraMinoproptonic Acid Ammo alanine NH^NH CH(CHy)CO|H, mp 
180** IS formed from a isonitramine propionic acid (B 29 , 670), and hrom 
the addition product of hydrocyanic acid and acetaldehyde semicarbazonc 
(A 303 , 79) o Hydrazinobutync Acid NH,NH C(CH,)jCOiH, m p 237® with 
decomposition It is formed when steam acts on its benzsd derivative The 
latter is made by acting on acetone seimcarbazide, NHjCONHN=C(CH,)|, with 
hydrocyanic acid when carbamido hydrazino isobutyronitnle is produced This 
is then decomposed with hydrochloiic acid, and benraldehyde is added (A 290 , 

15) 

13 (6) Hydrazo-fatty Aefds. —When a hydrazino fatty acid is treated 
with acetont and potassium cy inide a hydrazo nitrile acid results thus 
from a hydrazino isobutyric acid we get Hydraxo isohutyronitrihc Acid, 

NHNH C ^ P When hydrazine sulphate (i mol), 

acetone (2 mols ) and potassium cyanide (2 moK ) react the product is Hydraxo^ 
isobutyronitnle, NH NH m p 92® Hydrochloiic acid con¬ 
verts both mtnles into Hydraxo-isohutync Acid, NHNH 

mp 223® 

Its dmitro«’o < ompound is decomposed by alkalis into isonitramine isobutync 
acid (sec abov*) a hvdroxy-isobulync nrid and nitrogen (A 300 , 59) 

14 Azo-fatty Acids.—Brommew iteroxitlizcshydnzo estersandhydrazonitnles 

to thp (.orr( s])onflinis aro bodies Azo-isobutyronltrlle, N N 

mp 105® when heated alone 01 bi tter, with hot water, passes into tetramethyl 
succinic nitxilc (A 290 ,- 1 ) 

B. UNSAIURATED H\ DROXY-ACIDS, HYDROXY-OLEFINE 

CARBOXYLIC ACIDS 

a Hydroxy-oleflne Carboxylic Acids are obtained by the action of cold hydro¬ 
chloric arid on the nilnlcs, the addition products of hydrocyanic acid and olefinc- 
ald< liydes 

VinylGlycolhc Acid CHg ( HC H(OH)COOH mp 33®, b p 129® is prepared 
from its nitrile acrolein cyanhydrin bp^, 94®, or the amide, mp '^o® bpn 

When hcatid with acids it is partly converted into an a ketone acid 
—propionyl formic acid, CHjCHjCOCOOH This also results together with 
various condensation products, when vinyl glycollic acid is acted on by alkalis 
(Roc trav Chim 21 , 209) 

Propenyl Glycollic Acid, a Hydroxypentenic Acid CHjCH CHCH(OH)COOH, 
IS obtained from crotonaMehyde cyanhydrin Boiling dijute acids convert it 
dmctly into an ay keto-acid—laevuhnic acid (B 29 , 2582) 

CH,CH CH CH(OHlCOOH- > CH,CO CH,CH,COOH 

a-Fthoxy^acrylic Acid CHj.C(OC,H5) CO,H. m p 62® is obtained by hydrolysis 

ethyl ester bp 180® (comp Acctil of Pyroraccmic Ester p 408) (B 81 ,1020). 

^ Hydroxy-olefine Carboxylic Acids arc obtained b\ londensation of olefine 
aldehydes with a h^ogen-fatty esters by means of zinc (comp mode of formation 
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12a, p. 35S). When an available hydrogen atom is present in the a-position. 
these acids readily lose water, as when, for instance, they are boiled with sodium 
hydroxide, forming di-oleilne carboxylic acids (B. 35 > 3633, C. 1903, 555 ; 1906, II. 

318): 

Br.CHjCOjR 

CH,CH:CH.CHO- - -^ Cn,CH:CH.CH(OH)CH,CO,R 

/i-Hydroxy-hydrosotbic Acid. 

-^ CH3CH;CII.CH:CHC0,H, 

Sorbic Acid. 

^•Hydroxy-hydrosorbic Acid is an oil, slightly soluble in water; ethyl ester, 
b.p., 100°. a-Methyl Hyaroxy-hydrosorbte Ester, b.p.^ in®. a-Ethyl ^-Hydroxy 
sorbic Ester, b.p.,5 111°. a~Ethyl p-Hydroxy-hydrosorbic Ester, CHjCHiCHCH- 
(OH)C(CH8)jCOgK, b.p.iy 119®, is stable. a~Dimethyl P-Vtnyl Hydracrylic Acid, 
Vinyl Hydroxypivalic Acid, CH2:CH.CH(0H)C(CH8)2C02lI, b.p.23 159°; ethyl 
ester, b.p.^^ 100°, is prepared from acrolein bromisobutyric ester and zinc. In 
benzene solution, P2O5 causes the splitting off of water, and simultaneously the 
addition of benzene, forming the compound C3H|.CH3CH:CllC(CH3)gC02R. 

^-Hydroxy-acrylic Acid, CH(0H):CHC02H, and ^-Hydroxycrotonic Acid, 
CH3 C(OH):CH.COjH. Both these acids and their homologues are the starting 
points for the aci-forms (p. 40) of the p-aldo- and pthetO'Carboxylic acids, such as 
formyl acetic ester and acetoacetic ester; 


aci-iorm 

keto-iorm 


CH(0H):CHC:02C2H3 
CHO.CHjCOX,]!- 
Formyl Acotic E^ter. 


CH3C(0H):CH.C02C,H, 

CHaCO.rilaCOaCjHs. 
Acetoat (tic Kstcr. 


In the free state formyl acetic ester exists as fl-hydroxy-acrylic ester (act- 
modification), whilst acetoacetic ester is more stable in the keto-forra. Since 
the aci- or enol~iorm is usually looked on us being a subsidiary form, and the 
dido- or keto-iorm, the fundamental modilication, those dtrivatives, such as 
p-alkoxy- and p-acyloxy-olt^ne carboxylic acids, which are undoubtedly of the 
enol-form, will be described with the latter. 

y- and $-Hydroxy-oleflne Carboxylic Acid arc known in the form of their 
lactones, of which some arc obtained by distillation of the y-keto acids, and others 
from ) 3 y-dibromo- or dichloro-fatty acids with the loss ol 2 molecules of halogen 
acid. These A'- and A*-lactones arc changed back into y-keto- or aldehyde acids 
by hydrolysis. _ 

A.*-Butene Lactone. C'/e/f /af/ow^CII:CfI.CH,COO, m.p. 4®, b.p.,3 96°, is formed 
from )3y-dichlorobutyric acid when heated alone or with potassium carbonate 
(C. 1905, II. 45 ; B. 35 , 9422). 

y-Ethoxycrotonic Actd, C2H30CH2CH:CilCOOH, m.p. 45®, b.p.jg 148®, is 
obtained from y-ethoxy-j 3 -hydroxybut yronitri le, the addition product of hydro¬ 
cyanic acid to epiethylin, CjHjOCHjC^^H.CHjc!) (C. 1905* I- 1138). 

A*-Angelic Lactone . CH3<!:=CHCH,COc!>, m.p. 18®, bp. 167®, and A^-Angelic 

Lactone, (TIjCH.CH.CHCOO, b.p.„ 83®, arc prepared from lajvulinic acid and 
acetyl Ifcvuhnic acid. The A*-lactone can be formed from the A‘-lactone by 
various methods; the change is, however, reversible. Tht* A^-lactonc, in contra¬ 
distinction to the A^-lactone, can be condensed with aldehydes at the a-CHg 
group (A. 319 , 180). 

Mcsitonic acid (oa-dimethyl laeviilinic acid, p. 423) gives rise to a-Dimethyl 
A^-Angelic Lactone, m.p. 24®, b.p. 167®. The isomeric aaP-trifnethyl-A*-butero~ 
lactone is prepared from the corresponding d/bromo-aetd. Iso-octenolactone, 

(CHtliCHCHjdH.ClfiCH.COO, is obtained from iso-octenic acid dibromide (C. 
1905, II. 457; A. 347 , 132). , « .. , r . 

y-Methyl • an d y - Ethyl - ap - dichloro - and -ap-dibromo-butene Lactone 

R.iH.CX:CXCO(!), b.p.i, 120®, b.p.* tio®; m.p. 69°: m.p. 51®. are prepared 
from mucochloric acid and mucobromic acid (p. 402) by means of magnesium 
alkyl halides (B. 88, 3981 ). * 
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Py< 
i; 


Z20^ has an odour like 


Pafssorble Ae id, or Sorbin Oil, CH,CH,CHCH:CHC 06 , or CH,. 

(iHCH,CH:CHCOc!), b.p. 221*, occurs, together with malic acid, in the juice of 
ripe and unripe mountain ash berries {So^us aucuparia). It is optically active : 
Ca]j»+40‘S, and is a strong emetic. It passes into sorbic acid (p. 305) when 
heated with sodium hydroxide or hydrochloric acid (B. 27 , 344). 

Di-olcfine 8-lactones have been obtained from coumalic acid and isodehy- 
draceiic acid by the splitting-off of carbo n dioxide : 

Coumalin, CH=CH—CH:=CH.CO(!), m.p. 5®, b. 
that of coumarin (A. 264 , 293)._ 

Mesitene Lactone, pb~Dimeikyl Coumalin, CH 3 C =CH —C(CH,) =CH.Coi, 
m.p. 51*5®, b.p, 245®. When heated with ammonia it changes to the corre¬ 
sponding lactam, so-called pseudo-lutidos tyril, mesi tene lactam (below). 

Diallyl BtUyrolactone, (CH,:CHCH,)CCH,CH,CO(!), b.p. 267®, is prepared 
from succinic ester, allyl iodide, and zinc (comp, the general method of formation 
of tert.-a-hydroxy-acid esters from oxalic ester, alkyl halides, and zinc, p. 338) 
(J. pr. Ch. [2] 71 , 249). ^ 

Ricinoleic Acid, Ci|H340a, is an unsaturated hydroxy-carboxylic acid (p. 302; 
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a-Nxiro-dimethyl Acrylic Acid, (CH3),C:C(NOa)COOII. Its ester, b.p.34 121®, 
is prepared by nitrating dimethyl acrylic ester (p. 299) with fuming nitric acid. 
Alcoholic potassium hydroxide converts it into the potassium salt of an isomeric 

nitro-acid ester, ^^®^C.CH(NO,)COOCaH3; ammonia decomposes it into 

acetone and nitro-acctic ester (p. 380); reduction with aluminium amalgam 
produces nitrodimethyl acrylic ester. 

orAminodimeihyl Acrylic Acid Ester, (CH5)3C:C(NH|)COOC,H4, b.p.|g 94®, 
is converted by hydrochloric acid into dimethyl pyroracemic acid (p. 408). 


^-Amlno-aolds and j 3 -Hydrazlno Olefine Carboxylic Acids. 

This group contains the reaction-products of ammonia and the hydrazines on 
jS-ketone-acul esters such as acetoacctic esters and alkyl acetoacetic esters. Thus, 
B-Aminocrotonic Ester, CHsC(NH3);CH.C03Cjn4, is produced; also. Methyl 
NH—NH 

Pyraeolone, I . This behaves desmotropically, and because of its 

CH,C:CH.CO 

close connection to the j9-ketone-acid esters will be considered with them (p. 418). 


S-Diolefine Lactams. 

^CH—COv 

a-Pyrldone, h-Aminopeniadiene Acid Lactam, /NH, m.p. 106®, 

Vii=ch/ 

is obtained from the reaction-product of ammonia and coumalic acid after the 
elimination of carbon dioxide (B. 18 , 317). It can be converted into the 

XH—CO\ 

odourless Ethylimide, CIAZ yN.CjHj, b.p. 258®, and a~Ethoxypyridxne, 

^CH 

XH—C(0.rgH4)^ 

CH^ ^N, b.p. 156®, which possesses an odour like that of pyridine 


CH=: 


CH 




(B. 24 , 3144) (see Vol. II.). 

Pseudolutidostyril, [^,^yDimethyl a~Pyridone, Mesitene Lactam, 

XH-COv 

CH,—CC >NH, 

\CH=C(CH,)/ 

m.p. 180®, b.p. 305®, is formed when ammonia acts on mesitene lactone, and 
from the two monocarboxylic acids of this lactam by the elimination of CO, 
(A. 259 , 168). 
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8, ALDEHYDE-ACIDS 

These are bodies which show fx)tn the properties of a carboxylic 
acid and of an aldehyde. Formic acid is the simplest representative 
of the class, and it is also the first member of the homologous series of 
saturated aliphatic monocarboxylic acids. But it and its derivatives 
have been, with repeated reference to its aldehydic nature, discussed 
before acetic acid and their higher homologues. The best known alde¬ 
hyde carboxylic acid, a compound of the aldehyde group CHO with 
the carboxyl group COOH, is glyoxylic acid, which is an oxidation 
product of ethylene glycol, 

I- Glyoxylic Acid, Glyoxalic Add [Ethanal Acid] (H0)2.CH.C02H 
or 0CH,C02H4-H20, was found by Debus (1856) among the products 
resulting from the oxidation of alcohol with nituc acid. It occurs 
in unripe goosebernes and other fruit, from which it disappears 
on the truit ripening. Its formation and reactions are of significance 
in plant physiology (B. 25 , 800 ; 35 , 2446 ; 40 , 4943). Just as chloral 
hydrate is to be considered as trichlorethidene glycol, CCl3CH(OH)2, 
so crystallized glyoxylic acid can be regarded as the glycol corresponding 
with the aldehydo-acid, CHO.CO2H. All the salts are derived from the 
dihydroxyl formula of glyoxylic acid; hence it may be designated 
dihydfoxy-acetic add. Like chloral hydrate, glyoxylic acid in many 
reactions behaves like a true aldehyde (B. 25 , 3425). 

Methods of Formation. —Glyoxalic acid results (i) from the oxida¬ 
tion of alcohol (B. 27 , R. 312), aldehyde and glycol, and is accompanied 
by glyoxai (p. 346) and glycollic add (p. 362) ; ( 7 ,a) by heating dichlor- 
and dibromacctic acid to 230® with water (B. 25 , 714) ; (26) by boiling 
silver dichloracetate with water (B. 14 , 578) ; (2c) the best method is 
by the action of potassium acetate on dichloracetic acid, pioducing 
diacetyl dihydroxyaceiic add (CH3COO)2CHCOOH, which on boiling 
with water yields glyoxylic acid (A. 311 ,129), 

(3) From hydrazi-acetic acid (p. 405). 

(4) It is formed direct by reduction of oxalic acid and its ester 
(comp, also Glycollic acid, p. 362). 

(a) Electrolytic reduction of oxalic acid in sulj hunc acid <ind with mercury 
cathode gives an 87 per cent, yield of glyoxylic acid (H 37 , 3187): 

COOH.COOH-|-H,=COOH.CH(OJ I u. 

(fc) A Similar rrduction of oxalic ester produces g'v<>xylic ester (B. 37 , 3591). 

{c) Redrction of oxalic ether with sodium amah urn ni alcohol ] roduccs the 
alcoholate of gljoxyhc ester, together with ketomalon o ester, desoxaiic ester, 
and racemic ester (B 40 , 4942). 

Properties. —It is a thick liquid, readily soluble in water, and 
crystallizes in rhombic pusms by long standing over sulphuric acid. 
The crystals have the fonnula C2H4O4 (see above). It distils undecom¬ 
posed with steam.' 

Stilts. —The salts contain water of crystallization which, on being dried, give 
it up with partial decomposition. The calcium salt, (C,HjO,),Ca-|-2HiO, is 
sparingly soluble in water (A. 317 , 147 ; C. 19^4. *705)- 

Esters: Glyoxylic Ethyl Ester, CHO.COOCiHj, b.p. 130®, an easily poly¬ 
merised substance, is produced by the electrolytic reduction of oxalic etber, and 
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also liom its aUcohoXaU, CtH50CH(0H)C0aCaH,, b.p. 137^ by the action of 
PaOg. This substance is prepared by the reduction of the oxalic ether with sodium 
amalgam (see above). Alcohol and hydrochloric acid produce Di-etkoxyaceHc 
Ester, (C|HcO)aCHCOtCaHg, b.p. 199®, which, on hydrolysis, yields di-ethoxy^ 
acetic acid. Glyoxylic eliiyl ester develops a bright coloration with ammonia and 
methylamine in presence of air (C. 1906, 1 . 1654 » 4953 )< Glyoxylic Methyl 

Ester, m.p. 53® (B. 87 , 359 i)- Hydrazines, hydroxylamine, etc., give typical 
aldehyde derivatives with the esters (C. 1907, I. 401). 

' Reactions, —Glyoxylic acid exhibits all properties of an aldehyde. It 
duces ammoniacal silver solutions with formation of a mirror, and combines with 
primary alkali sulphites (p. I95)» with phenylhydrazifie (B. 17 , 577)» with hydro¬ 
xylamine, thiophenol and hydrochloric acid (B. 25 , 3426). When oxidized (silver 
oxide), it yields oxalic acid ; by reduction it forms glycollic acid and racemic 
acid, COgHCH(OH).CH(OH)COOH. On boiling the acid with alkalis, glycollic 
and oxalic acids arc produced (B. 13 , 1931). 

This reaction is extramolccular, and completes itself by the intramolecular 
rearrangement of the glyoxal, under like conditions, into glycollic acid: 

COOH COOH COOH 

2 ( +H.O « I +1 

CHO CH.OH COOH. 

Glyotylio Glycollic Oxalic 

Acid. Acid. Acid. 

The formation of glycollic and tartaric acids also occurs when glyoxylic acid 
is carefully heated (C. 1904, II. 1705); they are also formed by the interaction of 
glyoxylic, hydrocyanic, and hydrochloric acids. Ammonia causes the elimination 
of COj and the formation of foimyl glycocoU (p. 388), and ultimately glycocoU 
(B. 35 , 2438). For the change of glyoxylic acid by urea into allantoin 
(see p. 573). 

II. jS-Aldo-carboxylic Acids, HOC.CIIR COgH, and their esters 
exhibit reactions of acf-form compounds and behave as P~hydroxy-^*- 
olefine carboxylic acids, HOCH : CRCO3H (pp. 397, 398), in which form 
they are most favourably constituted to yield esters. 

Formyl Acetic Acid, fi-Aldoproptamc Acid {half aldehyde of malonic acid), 
CHO.CHjCOOH or CH(OH): (TICOgH, appears to be lormed by the hydrolysis 
of its acetal, Di-etkoxypropxojitc acid, (CjH50)jCHCH*C00H, This is obtained 
by oxidation of jS-Uydroxypropionacctal (p. 338) (B. 33 , 2760); ethyl ester, b.p. 
193®; and also from orthoformic ester (p. 246), bromacetic ester and zinc 
(J. pr. Cli. [2] 73 , 326): 

HC(OC,HB)gH-BrZnCHaCOOC|H5=HC(OC,HB)aCH»CO,C*He+CtHjOZnBr. 
It readily loses alcohol, foimmg the ester of p-Ethoxyacryltc Acid, C,HbOCH 
CHCOOtl, m.p. no®. This readily decomposes into COj and acetaldehyde, 
probably with the intermediate formation of formyl acetic acid. 

Formyl Acetic Ester, Hydroxymethylene Acetic Ester, p-Hydroxyacryltc Ester, 
(CjHsOlCOjR, IS obtamed m the form of its sodium compound, NaOCH: CHCOgR, 
by the condensation of formic and acetic esters by means of sodium in benzene 
or ethereal solution: 

HCOOC,H,+CHsCOOC,HB+Na=NaOCH;CHCOOC,H,-|-HOC*HB. 

The free ester 13 easily condensed to formyl glutaconic ester, HC(OH): C(COaR)- 
CH : CH.COgR, and trimesic ester, CgHa(COaR)g. Concentrated sulphuiic acid 
produces coumalic acid Acetyl chloride and sodium formyl acetic ester 

form an acetate, CHgCO.OCH: CHCOgCgHg, b.p.gg 126®,, This takes up 2 
atoms of bromine producing a dtbromtde, b.p.)« 154®, which indicates the structure 
of the acetate (B. 25 , 1046). Nitrobenzoyl chloride produces two steieoisomefic 
niirobenzoaies (A. 818 , 18), Cyanaceteddehyde, Hydroxymethylene Acetonitrile, 
(CgHsO}CN, 13 product as a sodium salt from isoxazole and sodium ethoxide 

(P* 354 )• 

a-Formyl Propionic Acid, OCHCH(CH,)COgH or CH(OH): C(CH,)COgH ; 
acetal, (C,HgO),CH.CH(CH,)CO,II. of which the ester is prepared from ortho¬ 
formic ester and a-bromozinc propionic acid, easily breaks down into alcohol and 
p-Ethoxymethyl Acrylic Add, CgHjOCH : C{CH,)COgH, m p. 109®. This is formed 
from bromo methyi-acrylic acid and sodium alcoholate. It readily decomposes 

VOt- I, • " O 
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into OOgf propionaldehyde and alcohol (B. 89 , 3549 )< a~Fonnyl Propiontc Ester, 
a-Hydroxymethylene Propionic Ester, HOCH : C(CHg)COaCgHg, b.p. x6i*; acetate, 
b.p.4, 132* (A. 8ie, 333). 


III. y- and 8 -Aldo«earboxylio Ao|di* 

B-Formyl Propionic Acid, y-Aldobutyric Acid {half aldehyde of succinic acid), 
CHO.CH,.CHjCO,H. is produced from acetal malonicacid (CgHfiOljCH.CHgCH- 
(CO|H)j|, when the latter is heated with water to igo® ; or, better, by boiling 
aconic acid (q.v,) in water, when CO, is given off (B. 37 , 1801), It forms crystals, 
soluble in water. When evaporated with sodium hydroxide solution, it yields 
a small quantity of terephthalic acid (Vol. II.); reduction converts it into butyro- 
lactone. Its nitrile serves for the derivation of fi-cyanopropionacetal, CNCH,- 
CH,CH(OC,Hg)„ b.p.4, 106®, the reaction product of y>chloropropionacetal 
and KNC (B. 34 ,1924). fi-Formyl Isobutyric Acid, a-Methyl fi-Aldobutyric Acid, 
CHO.CH,CH(CH,)CO,H (C. 1899. I. 557). 

^•Aldovaleric Acid, y-formyl Butyric Acid {half aldehyde of glutaric acid), 
CHO.CH,CH,CH,COOH, b.p. 240®, is prepared from / 3 -propionacetal malonic 
ester by hydrolysis and the loss of CO, (B. 88, 2884); by boiling the ozonide of 
cyclopcntene (Vol. II.) with water, associated with Glutaric Dialdehyde, b.p.i, 71® 
(p. 347) and glutaric acid (B. 41 , 1706), h-Formyl y~Methyl Valeric Acid, HOC.- 
CH(CIl,)CH,CH,COOH, b.p.], 154**, is obtained by,the oxidation of citronellal 
acetal (p. 215) with permanganate (B. 34 , 1498). 


IV. Aldo-oleflne Carboxylic Acids. 

^•Formyl Acrylic Acid {half aldehyde of maleic acid), CHOCH : ClICOOH, 
™*P- 55 '*> b.p.j, 145®, is produced by the oxidation of pyromucic ac^d (Vol. II.) 
by bromine and alkali. It is converted into succinic acid when heated with a 
solution of potassium cyanide (B. 38 , 1272): 


<!>c 


H:CH.CH:CCO,H 
Pyromucic Acid. 



H,0 

CHO.CH:CHCO,H- > 

^•Formyl Acrylic Acid, 


HO,C.CH,.CH,COOH. 

Succinic Acid. 


By the energetic action of chlorine and bromine on pyromucic acid, halogen 
derivatives of formyl acrylic acid are produced— mucochloric acid, m.p. 125®, and 
mucobromic acid, m.p. 122®. 

Similarly to the y-Keto-acids (p. 421), these acids can be looked on as being 
hydroxylactones, with which they are desmotropic (M. 25 , 492): 


^CH.CH(OH) ^ 

^ • and CH^ 


enr I 
N:oo 


\ 


CH.CHO 

coon 


XBr.CH(OH) 

CBr^ / and CBr 

^ x:qo _ 


^CBr.CHO 

N:ooh 


Formyl Acrylic Acid. Mucobromic Acid. 

The esters of mucochloric and mucobromic acids, whic^, contrary to the acid, 
do not yield oximes, appear to be derived from the lactone formula ; there are, 
however, also esters which have been obtained from the normal aldehyde-acid. 
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Dinitro-acetic Ester, (NO,)aCHCO,C,H,, is prepared from malonic ester and 
fuming nitric acid. It is a colourless liquid, which cannot be distilled without 
decomposition. It reacts strongly acid. 

Diaminoaceiic Acid, (NH,),CHCOOH, is as yet unknown. A derivative 
Tetramethyl Diaminoacetic Methyl Ester, [(CH,),N],CIlCOOCH,, b-p-j, 57®, 
obtained from diiodoacctic ester and dimcthylaminc. Dibromacctic ester, by 
the same reaction, yields Hydroxy-dimethyl Aminoacetic Dimethyl Amide, 
(CH,),NCH( 0 H)C 01 ^^(rH,)„ b.p.„ 80® (B. 35 , 1378) 


Diazoacetic Acid, N2CH.CO2H, is also a derivative of glyoxylic 
acid. As it contains two doubly-linked nitrogen atoms, it may be 
compared with the aromatic diazo-hodies (see Diazobenzene), How¬ 
ever, in the latter the extra affinities of the diazo-group —N==N— or 
a=N=N are combined to two atoms, whilst in diazoacetic acid they are 

joined to a single carbon atom, ^^H.COaH. Separated by acids 
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from its salts, it undergoes an immediate decomposition, but it is 
fairly stable in its esters and its amides. 

(i) The esters of the diazo-acids result when potassium nitrite acts 
on the hydrochlorides of the amino-fatty acid esters (p. 384) (Curiius, 
1883, B. 29 , 759): 


HC 1 .(H,N)CH,C 0 ,C,H,+KN 0 ,=N,:CHC 0 ,C,H, + KC 1 + 2 H, 0 . 

Glvcocoll Ester Diasoacetic Ester. 

Hydrochloride. 


I 

The di- and poly-peptide ester hydrochlorides, which contain the NH|CH,CO- 
group, behave with alkali nitrites in the same way as glycocoll ester hydrochloride : 
highly crystalline diazo-esters are formed, such as Diazoacetyl Glycine Ester, 
N,CH.CONl:ICO,CjHft, m.p. 187°, as yellow crystals : Diazoacetyl Glycyl Glycine 
Ester, NH|CHCO.NHCH(CONHCH,COjC,Hj, etc. The homologous a-amino- 
acids, such as alanine leucine, also yield diazo-esters, if somewhat less readily; 
but p- and y-amino-esters give hydroxy-esters instead of diazo-compounds (B. 
87 ,1263). 

(2) The sodium salts of the diazo-acids arc prepared by reduction of the iso- 
nitramine fatty acids (p. 396) by means of sodium amalgam (B. 29 , 667): 


HO,N,CIIjCO,Na4-2H=2HjO+N,:CH.CO,Na. 


The diazoacetic esters are very volatile, yellow-coloured liquids, with a peculiar 
odour. They distil undcconiposed with steam, or under reduced pressure. They 
arc slightly soluble in water, but mix readily with alcohol and ether. Like 
acetoacetic ester, they are feeble acids in which the hydrogen of their CHN,- 
group can be replaced by alkali metals by means of anhydrous alcoholatcs. 

HNv 

Isomerization occurs, and there are formed salts of isodiazoacetic ester I ^C.CO.R, 

n/ 

which can be obtained as an unstable oil by careful precipitation. It can be 
di(ferentuiit‘(l from the true diazoacetic ester by the fact that warm acids do not 
liberate Nj from it (p. 404). but decompose it into hydrazine and oxalic acid 
(p. 405) (B. 34 , 2500). Aquioub alkalis gradually hydrolyze and dissolve true 
diazoacetic ester, forming ^ts, CHOC|.CO,Me, which are decomposed by acids, 
evolving nitrogen. 

Sodium Dtazoacetate, yellow in colour, dissolves with extreme ease in water. 
The reaction of its solution is alkaline (B. 84 , 2521). 

Ethyl Diazoacetate, m.p. —24®, b.p. 143“, D,,=i'073. explodes 

with violence when brought into contact with concentrated sulphuric acid. A blow 
does not have tliis effect. At temperatures near its boiling point it decomposes 
into nitrogen and fumaric ester. Its mercury salt, Hg(CN,.COi.C,HB),, m.p. 
104®, with formation of froth, results when yellow mercuric oxide acts on 
diazoacetic ester while being well cooled. It separates from ether in transparent, 
sulphur-yellow, rhombic crystals. Concentrated ammonia converts it, like all 
other esters, into an amide, diazoacetamide, NjCHCONIIb. m.p. 114® with 
decomposition. When diazoacetic ester is reduced it breaks down into ammonia 
and glycocoll. Pseudo^ and bis-diazoacetamide (see below). Diazoacetonitrile, 
NjCILCOCN, m.p.,4 46®, is prepared from amino-acetonitrile hydrochloride (p. 386) 
and sodium nitrite (B. 81 » 2489). It is an orange-yellow, very mobile liquid, 
possessing a pleasant odour resembling acetonitrile, but which irritates the 
mucous membrane. 

The diazo-fatty acid compounds are all very reactive, by reason of the easy 
replacement of nitrogen by two monovalent atoms or groups; or else by the 
ability to form nitrogen ring-systems (Vol. II.) by means of addition or reaction 
compounds without simultaneous loss of nitrogen. * 

(i) The diazo-esters are converted, by boiling water or dilute acids, into esters 
of the hydroxy-fatty acids (glycol acids, p. 358): 


N,CHC 0 ,C.H.-|-H| 0 «CH,( 0 H)C 0 |C,H, 

Eater of GlycoUlc Acid. 


H-N, 


This reaction can serve for the quantitative estimation of the nitrogen in 
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diazd-derivatives. (2) Alkyl glycollic esters are produced on boiling 

SLlrohnlii; r 

N,CHCO,C,H,+C,H,OH=CH,(OC,H,)CO,C,H.H-N,: 

Ethyl GlycQlilc Ethyl Ester. 

a small quantity of aldehyde is produced at the same time. 

($) Acid derivatives of the glycollic esters are obtained on heating the diazo¬ 
compounds with organic acids; 

N,CHCO,C,H,-hC>H,OOH=CH,(OC*H 50 )CO,HBH-N,. 

Acetic Acid. Aceto-glycollic Ester. 

(4) The halogen acids act, even in the cold, on the diazo-compounds. The 
products are haloid fatty acids : 

N,CHCO,C,H,+HCl=CH,ClCOsC,HB+Ng. 

(5) The halogens produce esters of dihalold fatty acids : 

NCH,CO,C,H|+It=CHI,CO,CjHB+N,. 

Di*iodo>acetic Ester. 


Diazoacefcamide is changed, in a similar manner, to di-iodo-acetamide, 
CHI|.CO.NH,. By titration with iodine it is possible to employ this reaction for 
the quantitative estimation of diazo-fatty compounds (B. 18 , 1285), 

(6) The esters of anihno-faity acids, CjHjNH.CHgCOaR, result from the 
union of the anilines with diazo'-csters. 

{7) The esters of the diazo-fatty acids unite with aldehydes to form esters of 
the p-ketonic acids, e.g. benzoyl acetic ester, CgHjCO.CHjCOjCjHj, trichloraceto- 
acctic ester, CCljrOCHjCOiR (comp. p. 218) (B. 18 , 2379 ; 40 , 3000). 

(S) Diazoacetic ester forms well-crystallizable addition products with un¬ 
saturated acid esters, such as acrylic, cinnamic, fumaric esters. 'Pyrazoline- 
carboxylic esters (Vol. II ) are thus formed, which, on heating lose nitrogen and 
are converted into trimcthylene dicarboxyhc ester, e.g .— 


COjR.CH CH, COjRC-CH, 

/\ +11 —^ 0 I 

N=N CHCObR N.NH.CH.COjR 

Diazoacetic Acrylic Pyrazoline 

Acid. Acid. Dicarboxyhc Ester. 


COjR.CH—CH. 

> " J 

fH.CO.R. 

Trimethyicne 
Dicarboxyltc Ester. 


(9) Diazoacetic ester also unites with benzene and its homologens, on being 
heated with them, loses nitrogen and forms dicyclic bodies, such as benzotri- 
methylcne or norcaradiene carboxylic esters (Vol. II.) (B. 29 , 108 ; 32 , 701 ; 
A. 358 , I) • 

CH ^ CH—CH CH =- CH—CHv 

I II -|-N,CHCO,R- > I I >CHCO,R+N,. 

CH =CH—CH CH =CH—CH/ 

Benzene. Pseudophenylacetic Eater 


(10) Diazoacctcimidc is converted into tricuolone when heated with barium 
hydroxide solution (Vol. JI.): 


II >CH.CONH, 
N/ 


N-NH 

U I . 

N—CH,-CO 


Diazoacetyl glycinamide (sec above) similarly yields triazolone acetamide 
(B 89 , 4140). 

(ii) Hydrazine and diazoacetic ester or dizaoacetamide form the hydrazide 
of azidoacetic acid, Njf ri,(’02H, of which the ethyl ester, b.p.ji 75®, is prepared 
from iodoacetic ester and silver azide or chloracetic ester and sodium azide. It is 
a colourless oil. Boiling alkahs decompose the acid into ammonia, nitrogen and 
oxalic acid (B. 41 , 344 ; C. 1908, I. 938): 


N,CH.CO,C,H5+2NHjNH,-^ NH,+N,CH*CONHNH,+C,H,OH 



ICH,CO,R+N,Ag- > NgCHjCOjR 


NHa+NgHi (COOH)|+ROH. 
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^12) Diazoacetic ester has been made to 3deld diamide or hydrazine, 
IJH2NH2 by different sets of reactions {Curtius), and from these 
^hydrazotc acid, N3H, has been obtained (see Inorg. Chem.): 

(а) Moderate reduction of diazoacetic esters leads to the foimation of salts of 
hydraztaceiic aetd —in which form only it is stable—decomposable by acids into 
glyoxyhc aetd and hydraztne (B 27 , 295); 

Nv aH HNv HiO NH* 

H >CHCO,R- > I >CHCO.H- >■ j +OCH CO,H. 

HN^ NH* 

Energetic reduction decomposes di izoacetic ester into ammonia and gl3rcocoll 
• Diazo-acids can be made to yield hydrazine fatty acids by reduction (B 29 , 
670) 

(б) Diazoacetic ester and concentrated sodium hydroxide solution form the 
salt of btsdtazoaceiic acid, which is a polymer ot the i^o-form of the acid (p 403 
isodiazoacetic acid) Ihe basis for the assigned constitution is that, like iso- 
diazoacetic acid, it does not evolve nitrogen when warmed with acids, but de¬ 
composes into hydraztne and oxalic acid . 

H,N4Cj(COaH)aH 4 H, 0 « 2 H 4 N,H- 2 H 0 C 0 COOH. 

Bis diato- Hydrazine. Oxalic Acid, 

acetic Acid. 

(<;) Ammonia and diazoacetic acid yield, besides diazoacetamide (p 404), also 
hzs-diazoacetamtde and pseudo-diazoacetamtde , tlic latter decomposes when 
boiled with water into nitrogen and the azine of glyoxyhc amide, which can be 
fuither broken down into hydraztne and glyoxyhc amide ; 

N 4 {CHC 0 NH*),- > N,+N,(:CH( ONH,),-N,H 4 + 20 CH CONH, 

Pseudo diazo Acetamide. Glyoxyhc Amide Azine Hydrazine. Glyoxyhc Amide 

Oxidation converts pscudo'didzoacclamide into the red tetrazine dicarboxyhc 
amide Xhe bis diazoacetic acid and pscudo-diazoacetic acid and reaction 
products of these acids are derived from diliydrotetrazine or ammotriazoles 
(Vol n ) (B 89 , mb). 

CH, N N CH Nil NH CH NH N CH N—NH, 

I I II i II fl or II >CH 

N N CH, N—N=CH N—NH CH N—N 

Dibydrotctrazine Aminotnasfde. 

Oxime and Hydraxone derivatives of the Aldocarboxylic Acids, 

Oximxdoacetxc Acid, Isomtrosoacetic Aetd, Glyoxyhc Oxime, HON : CH COOH, 
™ P ^ 43 ^ with decomposition, is prepared from glyoxyhc acid and hydroxyl- 
amine , from dichlor- or dibromacetic acid, hydroxylamine and potassium 
hydroxide solution , and from the hydrolysis of its cstei 11 forms colourless 
needles Isontfro<;oaceiic Ethyl Ester, m p. 35®, b p in®, consists of deliquescent 
crystals , methyl ester, m p 55®. b p ,5 100® , isobutyl ester, b p 118®, can be 
prepared from acrtoacetic ester by decomposition with nitioxyl sulphuric acid 
Treatment with acetic anhydtide converts isomtrosoacetic ester into cyano^ 
formic ester, NC COjR , Nt04, pioduces isonitrosonitroacetic ester, HON( (NO*)- 
CO4K and an oily substance, probably a peroxide of dioximidosuvi^inic ester : 
ON-CCO,U 

I (comp. B 28 , 1216, 87 , 1530. C 1904, II. 195, 1907, I 401) 

6 n=cco,r 

p-Ox}mtdoproptontc Acid, Formyl Acetic Acid Oxime, HON . CUCHaCOOH, 
m p 117® with decomposition, is prepared from coumalic acid and hydroxylamme 
(comp. p. 401) (A 264 , 286 , B 25 ,1904) , ^ ^ 

Glyoxyhc Acid Phenylhydrazone, C4H4NHN : CHCOjH mp 1^7® with de¬ 
composition. IS decomposed by nitrous acid into CO, and phenyl azoformaldoxime, 
C,H,N.: NCH : NOH (J pr Ch [2] 71 , 360); ethyl ester, m p 131^, can be dis- 
tdled under reduced pressure (C 1907,1 401) 

Hydrazones of Aldocarboxylic Acids, such as of formyl acetic acids, and their 
esters very oaMly part, mtramoloculrfVlv, with water or alcohol, forming lactam- 
liks bodies, knowi^ as pytazdlones (Vol. 11 ). In order to indicate the lactam 
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character of such substances, when the lactam-nitrogen is joined to a second 
nitrogen atom in the ring, they have been named lactazams : 


CH.OH 

fl . +NH,-NH, 

CH.CO.R 

Aci-Formyl 
Acetic Aad. 


CH—NH—NH CH=N—NH 

•II- I or 1 

CH-CO Oil,-CO 

- -^ 

Pyrd/olone. 


jS-Ketocarboxylic acids (p. 416) also easily form y-lactdzams (pyrazolones). 

Hydrazones of the y- and h-Aldocarboxylic Acids, 

B-Formyl Propionic And Ester Phenylhydrazone is a non-crystallizable oil; 
phenylhy dr azide ^ : CHCHjCHjCONHNHCjlIj, m.p. 182°, is prepared 

from aconic acid {q.v,) and excess of phenylhydrazine. When warmed with 
sulphuric acid it yields indole ^-acetic acid (A. 339 , 37 s)- Similarly, Formyl 
Putyric Acid Phenylhydrazone^ CjHjNHN : CHCHjCIIgClljCOOH. yields indole 
/ 3 -propionic acid, which is also formed from tryptophane by putrefaction (B. 88, 
2884). 

Mucobromic acid (p. 402) and hydrazines form hydrazone anhydrides or h-lacta~ 
zams (Pyridazones, Vol. II.); with hydroxylaniine it gives an oxtme anhydride 
ilactazone or orthoxazone, Vol. 11 .) (B. 32 , 534): 


CBr—CH=N 

tl 

CBr—CO—NH 
Dibromopyridazone, 
m.p. Z94*. 


CiJf—CH=N 


y I 

CBr—CO—O 


Dibroino-ortlioxazoat 
m p. IZ5®, 


9. KETONIC CARBOXYLIC ACIDS 

These contain both the groups CO and CO2H; they, therefore, 
show acid and ketone characters with all the specific properties peculiar 
to both. In conformity with the scheme of nomenclature employed 
lor the mono-substituted fatty acids and the various diketones (pp. 
284, 348), we distinguish the groups a-, y-, 8-, etc., among the 

keiocarboxylic acids : 

The a-, y-, and S-, etc,, acids are fairly stable in a free condition, 
whilst the ) 3 -acids can exist only in the form of esters. 

Nomenclature—The names of the ketonic acids are usually derived 
from the fatty acids, inasmuch as the acid radicals are introduced into 
these ; e,g. — 

CHaCO.COjH CH.CO.CHjCO.H CU^CO f n.CHjCOaH 

Acetyl Formic Acid. Acetyl- or Accto-acetic Acid. ^l*Acetyl Propionic Acid. 

or these acids may be viewed as Ae/o-substitution pioducts of the 
fatty acids or oxolatty acids (p. 218): 

CHs-CO-COaH CH,CO,H CH3 CO.CHjrHjC'O,!! 

•-Ketopropionic Acid H-Ketobutync Acid y* I (tovalt nc Acid 

(«*Oxopropiomc Acid). (j^-Oxobutyric Acid). (y Cauvaicric Acid). 

• The '* Geneva names " arc formed by the addition of the word '* acid ” to the 
names of the ketones, as the ketonic acids may be considered as being the oxidation 
products of the latter: 

CH*CCX:0,H* CHjCO.CH,CO,H CH,COCH,CH,CO,H. 

[Pzopaoone Acid]. a-Butanonc Acid]. [S-Pentanone Acid}. 

Formation, —^The more stable o-, y-, and 8-kctonic acids can be 
prepared by the oxidation of the secondary alcohol acids corresponding 
with them. Other methods will be given under the individual classes 
of these acids. 
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Reactions .—^The ketone nature of these acids exhibits itself in 
numerous reactions, e.g. nascent hydrogen converts all the ketonic 
acids into the corresponding alcohol acids. They unite with alkali 
hydrogen sulphites, with hyckoxylamine, and with phenylhydrazine. 


A. SATURATED KETONE CARBOXYLIC ACIDS 

I. a-Eetonio Acids. —R.CO.CO2H. ^ 

In this class the ketone group CO is in direct union with the acid¬ 
forming carboxyl group, CO2H. We can look upon them as being 
compounds of acid radicals with carboxyl, or as derivatives of formic 
acid, HCO.OH, in which the hydrogen linked to carbon is replaced by 
an acid radical. This view indicates, too, the general S5mthetic method 
of formation of these acids from (i) the cyanides of acid radicals (p. 
409), which, by the action of concentrated hydrochloric acid, are 
changed to the corresponding ketonic acids : 

CH,.C0.CNH-2H,0+HCl=CH,.C0.C0,H+NH4a. 

(2) A second general method of formation of a-ketonic acids and 
their esters consists in converting a-alkyl acctoacetic esters into the 
a-oximido-fatty acids (p. 410) and decomposing these with nitrosyl 
sulphuric acid (C. 1904, II. 1706}: 

HNOj 

HON;CRCOOC,Hj- > 0 :CRC 00 CaH,+N, 0 +H, 0 . 

Pyroracemic Acid, Pyruvic Acid, Acetyl Formic Acid, [Propanone 
Acid], CH3.CO.CO2H, m.p.+3°, b.p.yeo 165-170° with decomposition, 
b.p.i2 61*^, was first obtained in the distillation of tartaric acid, racemic 
acid {Berzelius, 1835) and glyceric acid, (i) The acid is made by the 
distillation of tartaric acid alone (A. 172, X42) or with potassium hydro¬ 
gen sulphate (B. 14, 321). We may assume that in this decomposition 
the first product is hydroxymaleic acid, which is converted into 
oxalacetic acid, which then gives up CO2 to form pyroracemic acid: 

CHOHCOjH rOH CO,H CO.CO,H COCO,H 

I -^ II - I - I 

CHOHCO,H CH CO,H CH,CO,H CH, 

Taitaric Acid. Hydrosymaleic Oxalacetic Pyroracemic 

Acid. Acid. Acid. 

It is synthetically prepared from (2) a-dichloropropionic acid (p, 289), 
when heated with water ; (3) in the oxidation of a-hydroxypropionic 
acid or ordinary lactic acid with potassium permanganate; (4) by 
the decomposition of oxalacetic ester; (5) from acetyl cyanide by 
the action of hydrochloric acid (p. 409) ; (6) by the oxidation of citra- 
conic and mesaconic acid by KMn04. 

P3rroraceinic acid is a liquid, soluble in alcohol, water and ether, 
and has an odour quite similar to that of acetic acid. On boiling at 
atmospheric pressure it decomposes partially into CO2 and p3rrotartaric 
acid (q.v,). This change is more readily effected if the acid be heated 
to 100° with hydrochloric acid. 

R$acHons ,—The acid reduces ammoniacal silver solutions with the productioii 
of a silver mirror^ the decomposition products being COt and acetic acid. It is 
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^amtitatively decomposed into these substances by hydrogen peroxide (C. 1904* 
il. 194)* When heated with dilute sulphuric acid to 150^ it splits up into CO| 
and ^dehyde, CHg.COH. This ready separation of aldehyde accounts for the 
ease with which pyroracemic acid enters into various condensations, e.g. the 
formation of crotonic acid by the action ©f acetic anhydride (p. 291) (B, 18 , 987, 
and 19 , 1089), and the condensations with dimethyl aniline and phenols in the 
presence of ZnCl^. The acid condenses with the benzene hydrocarbons, in the 
presence of sulphuric acid, without decomposition (B. 14 ,1595 ; 16 , 2072). (See 
also. Acetone Pyroracemic Acid.) 

Pyruvic acid forms crystalline compounds with the alkali hydrogen sulphites, 
in which it resembles the ^ketones. Nascent hydrogen (Zn and HCl, or HI) 
changes it to ordinal a-lactic acid, CH8CH(OH)COjH, and dimethyl racemic 
acid (comp. Glyoxylic Acid, p. 400). H^S passed through pyroracemic acid 
produces thiodtlaclic acid, S[C(CHj)(OH)COOH]j, m.p. 94®, which is easily 
decomposed into its components (C. 1903. I. 16). Mercaptans, e.g, phcnvl- 
mercaptan, combine with pyroracemic acid to form CH,C(OH)(SCeH,)CO’gH 
(B. 28 ,263). Pyroracemic ester, mercaptan and hydrochloric acid react together 
to form the mcrcaptol CHj.C(SCjH5)8CO*C8H., which on oxidation passes into 
CH,C(S0,C3H.),C0,C,H8. m.p. 61° (B. 82 , 2804). 

For the behaviour of pyroracemic acid with NH,. NHjOH, CjHbNHNH*, see 
** Nitrogen derivatives of the a-ketonic acids.*' It cojnbiues with HNC to form 
the haU-nitnle of a-hydroxyiso-succinic acid. 

The change of pyroracemic acid on boiling with barium hydroxide 
solution into uvitic acid, C,H8[i,3.5](CH8)(COjH)j (Vol. II.) and uv%c acid or 
pyrotritaric acxd (Vol. II.), is noteworthy. The first step is the separation of 
oxalic acid with the formation of methyl dihydrotrimesic acid; then, CO* is 
given off and dihydrouvitic acid results ; finally, oxidation produces uvitic acid 
(A. 305 , 125), These intermediate compounds can be avoided by condensing 
pyroracemic acid with acetaldehyde, a reaction which is of general application. 
For the condensatign of pyroracemic acid with formaldehyde, see tetramethylene 
dioxalic acid (Vol. 11 .). 

On standing, a slow aldol-like condensation takes place, which can be accele¬ 
rated by the presence of hydrochloric acid, whereby two molecules of pyroracemic 

C 00 H.C(CH,)—O 

acid unite to form a-ketovalcrolactone y-carboxylic acid, I 

CH,.CO.CO 

(7.e.). Heated with hydrochloric acid this substance gives up CO*, and pyrotartaric 
acid is formed (see also C. 1904, II. 1453). The salts of pyroracemic acid are caused 
to undergo polymerization by the action of alkalis to salts of pava-pyroracemic acid 
and meta-pyroracemic acid (A. 317 ,1; 819 ,121; C. 1901, 11 .1262 ; 1903,1.16). 

Pyroracemic Ethyl Ester, m.p. 146®; acetal, CH,C(OjC,H,),.CO*C|Hj, b.p. 
190® (see also a-ethoxy acrylic ostcr, p. 307). 

Hfllogen Substltutton ^oduets of Pyroraeenile Acld.—Trichloropyroracemic 
Acid, Isotrichloroglyceric Acid, CCI,.CO.COtH-i-H, 0 =CClj.C(OH)jCOOH. m.p. 
102®, is produced (i) when KCIO^ and HCl act on gallic acid and salicylic 
acid ; (2) by the action of chlorine water on chlorofumaric acid (B. 26 , 656); 
(3) from trichloracetyl cyanide. 

Substitution products result by heating the acid with bromine and water to 
roo®. Dxbromofyruvic Acid, CBrjHC( 01 I),C 0 |H+H 8 O, m.p. 89®, anhydrous. 
TWf»emo^yf«oiCi 4 «d, CBr,C( 0 H),.C 08 H-HH, 0 , m.p. 90®. anhydrous. Heated 
with water or ammonu, it breaks up into bromoform, CHBr„ and oxalic acid, 

Homologues of Pyroraoemle Acid, Homopyroracemic Adds. 

Propionyl Formte Acid, CHjCHjCO.COOH, b.p.,5 74-78", is also obtained by 
the transformation of vinyl glycoUic acid (p. 397); ethyl ester, b.p. 162® (C. 1904, 
II. 1706). Butyryl Formic Acid, CH,CH,CH,CO.CO,H, b.p.„ 115®; ethyl ester, 
b.p.,, 72-77®, is produced from a>oximidovalcric ester (mode of formation No. 2, 
p. 407). Dimethyl Pyr^acemte Acid, {CH,),CHCO.COOH, m.p. 31®, b.p.,, 66®, is 
produced by the cleavmg action of hydrochloric acid on dimcthyI-2-amino-acryUc 
acid (p. 399) (C. 1^2, I. 251). Trtmethyl Pyroracemic Acid. (CIlajjjC.CO.COOFl, 
m.p. 90®, b.p. 183®, results when pinacoline is oxidized with KMnO, (B. 2 ^ 
R.21 ; C.1898, 1.202). Is(^utyl Pyroracemic Acid, 

m.p. 22®, is obtained from isobutyl citraconic acid and isobutyl mesaconic acid 
(A. 805 ,60); ethyl esievt b.p.,] 74®, is prepared from O'OximidoiBocaproio estst 
(C. 1904, II. 173,; 1906. II. 1824). , 
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NITROGEN DERIVATIVES OF THE a-KETONlC ACIDS 

(x) Carboxyl Gyanldoo a Ketone Nitriles result on heating acid chlondea or 
bromides with silver cyanide . 

C,H ,0 Cl 4 -AgNC=C*H ,0 CN+AgCl, 

and when the aldoximcs of the a-aldehyde ketones are treated with dehydrating 
agents, such as acetic anhydride (p 353) (B 2196) . 

CH# CO CH NOH=CH, C 0 .CN+H, 0 . 

The acid cyanides are not very stable, and, unhke the alkyl cyanides, are con¬ 
verted by water or alkalis into their correspondmg acids and hydrogen cyanide, 

CHaCO CN 1 -H, 0 =CH 3 C 0 OH+HNC 

With concentrated hydrochloiie acid, on the contrary, they undergo a transposi> 
tion similar to thit of the alkyl cyanides (p 280), m which water is absorbed, 
and the amides of the a-ketonic acids are intermediate products (Clatsen) . 

HjO H3O 

CH3COCN-^ CiI,COCONHa-CH,COCOOH-f NH4a. 

Aeetyl Cyanide, CH3CO CN, b p 93® When preserved for some tune, or 
by the a< lion of KOH or sodium, it is transformed into Dtacetyl Cyanide, 
C3il303N3 mp 69®, b p 20b® which can also be prepared from acetic anhydride, 
potassium cyanide and hydrochloric acid in ether at o® Hydrolysis converts it 
into methyl tartronic acid, piobably accordmg to the follQwmg scheme (M. I69 
773 ) — 

CHj. CH3V /OCOCH3 CH3V yOn 

2 >LO- > >c< - >• yc<r -fHo.cocH* 

NC^ NC^ Vn HOCO'^ \cOOH 

Diacctyl Cyanide. Methyl Tartronic Acid. 

Pyruvle Nitrile, CHgCHsCOCN, b p 108-110® Dtproptonyl 

Cyanide^ N)2 m p 50“ and b p 200—210®, behaves like diacetyl cyanide 

(B 26 , R 372) Buiyryl Cyanide, C jH^COCN, bp 133-137®, and isohuiytyl 
cyanide C3H3COCN, b p iis 120 , polymerize readily to dicyanidcs, which pass 
into alkyl tartronic acids on treatment with hydrochilotic acid 

PyroracevMc Amide CH3COCONH3, mp 124® Ptopionyl Formamide, 
C3H5CO CONIls m p 116® IS produced from a-ketone mtriles and concentrated 
hydrochloric acid (13 13 , 2121) 

Pvrttvyl Vthyl Imt.dochloride CH3COCCI NC3II5 is a yellowish oil produced 
by t K union of chloraeetyl ethylisocyanide (A 289 , 298) 

PyvHvyl Hydroximtc Chloride, Chlonsontirosoacetone,Cii^OCi^Q'H)C\, m p. 
105® IS formed: 

J >y the action of nitric acid on chloracetone ; 

By the action of chlorine on isonitrosoacctone ; 

3 \hcn hydrochloiie acid lefs on Pyruvyl Nttrohe And, Acetyl Methyl Nitrohe 
Acid ( HjCO C(^NOH)ONO or CIIs CO C(=NOH)NOa—the product resulting 
trom the action of mine acid on acetone (A 809 , 241) Tne oxime, CH3C- 
NOH C( N 01 I )0 NO, m p 97® with decomposition 

(2) behaviour of Ammonia and Amhne with Pyroracemic Acid —The 
ammonium s'llt, like the othei alkili salts, undergoes condensation m neutral or 
alkaline solution At first an ammo ketone dicarboxyhc acid is formed which 
lose s formic acid and passes into uvUontc acid, a picolme dicarboxyhc acid (C X904* 
II 192)• 

CH3C(C00H)NH3 COCO3H CH3C-CCOOH 

2CH3C0C03NH4-> I 4.1 ^ II \ 

CH,CO(CO,H) CH, C(COOH) CH 

Aniline and pyroracemic acid produce aml^pyruvtnic aetd, C3H3N * C(CH,)» 
COOH, m p X26®, with decomposition, which undergoes a similar condensatioa 
with a further molecule of pyroracemic acid to form a methyl cinchomc acid, 
forming anil uvxtouic acid (Voi II ) 

In acid solution one molecule of NH3 and two of pyroracemic acid uxiitci po 
form iminadilachf^ aetd (comp* Thiodilactic Acid, p. 408), with th» protet^ 
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lormatioi^ ol intermediate compounds. On losing CO* it forms acetyl alanine 
(p. 388) (C. 1904. 11 .193): 


-CO, 

CH,C(COOH)(OH)NHC(OH)(CH,)COOH — > CH,CONH.CH(CH,)CO,H. 

(3) a-Oximido-fatty Acids or oximes''ot the a-ketone acids are formed (a) by 
the action of NH,OH on a-ketone acids; (6) by the interaction of mono-alkyl 
acetoacetic acid and nitrous acid, alkyl nitrites, nitrosyl sulphuric acid or nitrosyl 
chloride (B. 11 , 693 ; 15 ,1527 : C. 1904, II. 1457, 1706): 

CH,COCH(CH,)CO,R+HO,SONO - ^ CH,CO,SO,H-|-HON:C(CH,)CO,R 


Further action of nitrous aUd converts the a-oximido-esters into a-ketone esters 
(p. 407). Acetic anhydride causes the splitting off of water and CO, with 
formation of acid nitriles. 

a-Oximidoproptonic Acid, Jsonitrosopropionic Ac%d, CH,Cs=N(OH).CO,H, 
decomposes at 177®: methyl ester, m.p. 69®, b.p.j, 123®; ethyl ester, CH,C = 
N{OH)CO,C,H„ m.p. 94®, b.p. 238® (B. 27 , R. 470); amide, CH,.C: N(OH)- 
CONH,. m.p. 174“ (B. 28 , R. 766 ; C. 1904* i457)- a-Oximidobutyric Acid, 

CH,.CH,C == (NOH)CO,H. a-Oximidovalerianic acid, and a number of other homo- 
logues and their esters have also been prepared. a~Oximtdo~Dibromopyroracemic 
Acid has been obtained in two modifications (B. 25 , ^04). 

NHv 

(4) Hydrasipropionie Ethyl Ester, ^^^(CH,)CO,C,H„ m.p. 116® (J. pr. Ch. 

[2] 44 , 554), results from pyroracemic acid and hydrazine. Mercuric oxide 
converts its methyl ester into a-diazopropionic methyl ester. 

(5) a-Diaxopropionic Ester, B^(CH,)CO,C,H„ b.p.41 65-68®, is obtained 


from the hydrochloride of alanine ethyl ester by the action of KNO,. It is a 
yellow oil, which is partially decomposed, by distillation at ordinary pressure, into 
dimethyl fumaric ethyl ester. a-Diaxobutyric Ester, b.p.jj 03-65°, and a-Dtaxo- 
isocaproic Ester, b.p-i, 70-73®, both resemble diazoacctic ester (p. 403) in their 
behaviour, but are more easily decomposed, and are therefore more difficult to 
obtain pure (B. 37 , 1261). 

(6) Phenylhydraxone Pyroracemic Acid, CH4C{=NNHC,H5}CO,H, m.p. about 
192® with decomposition, is not only formed by the action of phenylhydrazine 
on pyroracemic acid (B. 21 , 984), but also in the saponification of the reaction- 
product from diazobenzene chloride and methyl acetoacetic ester (B. 20 , 2942, 
3398 ; 21 ,15 ; A. 278 , 285 ; C. igoi, II. 212). 

Pyroracemic ethyl ester yields two isomers with phenylhydrazine. which are 
separable by chloroform : phenylhydrazones, m.p. 32® and 1x9° (C. 1900, II. 1150). 

(7) Semicarbaxones of the a-Ketonic Acids, NHiCO.NHN:CRCOjH, and 
their esters, see C. 1904, II. 1706. etc. 


II. ) 3 -Ketonio Acids. 

In the j8-ketonic acids the ketone oxygen atom is attached to the 
second carbon atom, counting from the carboxyl group forward. 
These compounds are veiy unstable either in the free state or as salts. 
Heat decomposes them into carbon dioxide and ketones. The CO 
and CO2H groups are attached to the same carbon atom, and, in this 
respect, direct attention to malonic acid and its mono- and di- sub¬ 
stitution products (see later), in which two carboxylic groups arc 
attached to the same carbon atom; they also give off CO2 when heated. 
Their esters, on th^other hand, are very stable, can be distilled without 
decomposition, and serve for various and innumerable syntheses. 

Acetoacetic Acid, Acetyl Acetic Acid, Acetone Monocarboxylic Acid, 
P-Ketobutyric Acid [3-Butanone Acid], CH3.CO.CH2.COjH. To 
obtain the acid, the esters are hydrolyzed in ike cold by dilute potas¬ 
sium hydroxide solution (the rate of hydrolysis is independent of the 
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concentration; B. 82, 3390; 88, Z140) ; the acid is liberated with 
sulphuric acid, and the solution shaken with ether (B. 16 , 1781; 16 , 
830). Concentrated over sulphuric acid, acetoacetic acid is a thick 
liquid, strongly acid, and miscible with water. When heated, it yields 
carbon dioxide and acetone: 


CH,CO.CH,CO,H=CH,CO.CH,+CO*. 

Nitrous acid converts it at once into CO, and isonitroso-acetone (p. 354). Its 
salts are not very stable ; it is difficult to obtain th^ pure, since they undergo 
changes similar to those of the acid. Ferric chlorme imparts to them, and al^ 
to the esters, a violct-red coloration. Occasionally the sodium or calcium salt 
is found in urine (B. 16 , 2134 I C. 1900, II. 345). 

The homologous fi-Ketone acids can also be prepared by the hydrolysis of 
their esters with hot concentrated sulphuric acid : the resulting liquid may 
contain the sulphates of the act- and enol forms: RC(OSO,H)CHCO,H. The 
free acids, like acetoacetic acid itself, easily decompose into CO, and ketones 
(C. 1904. II. 1707). 

The stable acetoacetic esters, CH3CO.CH2CO2R, are produced 
by the action of metallic sodium on acetic esters. In this reaction 
the sodium compounds constitute the first product: 

2Cn,COOC,lI,+Na,- > CHaCONaCHCOOCjHs-f-CjH.ONa+H,. 

Acetic Ester. Sodium Acetoacetic Ester. 

The free esters result upon treating their sodium compounds with 
acids, e.g. acetic acid, 

CH,CONaCHCO,C,H,4-CH,CO,H- > CH,COCH,COOC,H,-i-CH,CO,Na 

and are obtained pure by distillation. 

The acetoacetic esters are liquids, which dissolve with difficulty 
in water, and possess an ethereal odour. They can be distilled without 
decomposition. 

The esters of acetoacetic acid, contrary to expectation, possess an 
acid-tike character. They dissolve in alkalis, forming salt-like com¬ 
pounds in which a hydrogen atom is replaced by metals. 

HtsioricaL —In 1863 Geuther investigated the action of sodium on acetic ester. 
Simultaneously and quite iD<icpcndently of Geuther, Frankland and Duppa, in con¬ 
cluding their studies upon the action of zinc and alkyl iodides on oxalic ether 
(p. 358), investigated the action of sodium and alkyl iodides on acetic ester. 
/. Wtshcentis has contributed very materially to the explanation of the reactions 
here involved (1877). A. 186 ,161. 

Constitution.^'Fho 8-kotonc acids belong to the same class of .<!ubstanccs 
which includes the p-ketone aldehydes, / 3 -diketones (p. 348), and /3-aldo- 
carboxylic acids (p. 401), namely those which occur in desmotropic or pseudo¬ 
meric form (comp. p. 38); e.g. acetoacetic ester: 

CH,CO.CH,COOH < - > CH,C(OH):CHCOOH 

A-Ketobutyric Acid. ^-Hydroxycrotonic Acid. 

CH,CO.CH,COOC,H, < - > CH,C(OH):CH.COOC,H, 

Acetoacetic Ester. Ad-Acetoacetic Ester. 

Evidence for the Ketonle ebaraeter of free Acetoacetic Ester. 

The esters of j8-aldocarboxylic acids, such as formyl acetic ester, show their 
constitution to be of the aci-fonn. and that therefore they must be considered as 
being hydroxymethylene compounds; the free acetoacetic ester, howevet, is 
best expressed the formula, CH,COCH,COOC,H|. This substance^ with 
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orthoformic ester, gives an acetal, )3-diethoxybut3rric ester—CHaC(OC|Hg)«- 
CHfCOOC^Hs. thus behaving like the simple ketones (p. 225). 

The physical properties of the ester, its reftaction (B. 81 , 1964), molecular 
rotation and behaviour towards electric waves, all point to a ketonic con- 
stitution. 

SodiufH acetoacetic ester was formerly also considered to possess the same 
structure and received the formula CH*CO—CHNaCOOCjHj, because its reaction 
with alkyl and acyl halides always yielded a C-dcrivative, CHjCOCllR.COOCjHj. 
The first example of a diiterent course of reaction was found in the formation of 
an O-derivative. ) 5 -rarboxethyl hydroxycrotonic ester, CH,C(OCOiC,Hg) 
CHCOjCjH,, from sodium acetoacctic ester and chlorocarbonic ester (Michael^ 
J. pr. Ch. [2] 37 , 473 ; Claisen, B. 25 , 1760, A. 277 , 64). It has, however, 
^ready been pointed out (p. 40) that substances which occur in the forms 
(i) —C0.CH2,C0—, and (2) —C.CH : C(OH)—, only form salts directly accord¬ 
ing to the second formula. This occurs by the action of alkalis on the first 
substance, ancl acetoacetic ester can be taken as an example of this : 

CH3COClIaCOOCaH4+NaOH=CH5C(ONa) : CH.COOCjH^H-HjO. 

These views on the varying structure of acetoacetic ester are confirmed by 
investigations on the refraction of the two forms (Bruhl and Schroder, B. 38 , 220, 
1870). • 

In the majority of cases of reaction between sodium acetoacetic ester with 
alkyl and acyl lialides, the invading group enters another position than of the 
metallic atom. For the explanation of such abnormal reactions see Michael, 
J. pr. Ch. [2} 37 , 473. etc. (also p. 413). 

As the )8-ketonic acids are so very unstable, their more stable esters 
are employed in their study. These can be made according to the 
following reactions: 


, Pormation of Acetoacetic Ester and its Homolognes. 

(i) By the action of sodium or sodium alcoholate on acetic ester. 
These reagents act similarly on propionic ester, with the formation 
of a-propionyl propionic ester, CH3CH2C0.CH(CH3)C02C2H6. 

However, when sodium acts on normal butyric ester, isobutyric ester and 
isovaleric ester, it is not the analogous bodies which result, but hydroxy-alkyl 
derivatives of higher fatty acids (A. 249 , 54). 

The reaction between sodium and acetic ester only takes place in 
the presence of a trace of alcohol, with which the sodium can combine 
to form the alcoholate (B. 3, 305). It must be assumed, therefore, 
that the condensation is brought about by the actitm of sodium ethoxide, 
which causes the splitting off of alcohol: 

2CH,COOC2H34-NaOC2Hj==CH,C(ONa):rHCOOCaH.-i-2C,H,OH; 

which unites with excess of sodium to form a further quantity of 
alcoholate. The synthesis can actually be carried out when separately 
prep^ed sodium ethoxide is employed instead of metallic sodium, 
the 3deld being only slightly inferior (Claisen, piivate communication). 
Sodium amide can also be employed (B. 35, 2321 ; 38, 694). 

If, however, sodium be made to act on the ester in ether or benzene 
solution, there results the sodium salt of an acyloin (p. 341). On the 
directive influence on the course of reaction exerted by the nature of 
the solvent, see C. 1907, II. 30. 
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The first step in the s3aithesis can be taken as being the formation 
of a compound: 

(the latter perhaps resulting from the former by the loss of alcohol). 
The ortho-denvative then reacts with the still unchanged ester: 


CH,v /OC.Hj H 

>CC 


CHjN. 

y'-v + y>CH COOC.Hm* X CH COOCtH,+2C,H,OH , 
NaO'^ Nx,Hb NaO/ ' 


or else, a molecule of the ester and a molecule of the sodium ester 
unite and then split off alcohol: 


< C,H5 

+NaO-COC,H, 


r /OC,H, CH,^ 1 

-^ CH,r^-O-COC.H, 

L \ONa J 


\0Na 

/OC2H5 -CjH.OH 

CH,C^-CH,—COC*H»- > CHjC^CH—COC,H, 


^ONa 




'^ONiO^ 


(Comp Clatsen and Michael A 297 , 92 , B 36 , 3678 , 38 , 714, 1934 ) Both 
issumptions coincide equally wdl with the fact that fattv acid esters do not 
condense an ilogously to the abo\ t with secondary and tertiary alkyl groups 


(2) The interaction between the sodium compound of acetoacetic 
ester, and of mono ethyl acetoacetic ester, with alkyl halides, especially 
the iodide and bromide, results in the formation of homologous esters. 

An examination of the structural formula foi the acetoacetic ester 
reveals lhal only one hydiogen is replaceable by sodium. The metalhc 
compound n acts with the halogen alkyl, whereby the sodium salt is 
formed and the alkyl group becomes attached to the a-C atom. 

(fl) CjH^OCO CH CH, C,H,OCOCHCH, 

y + I - I +NaI 

CH,—tONa I CH,—CO 

Sodium Acetoacetic Ister a Methyl Acetoacetic Ester 

The mono-alkyl substituted ester can take up an atom of sodium and 
again react as above : 

(6) C,H,OCO—CC H, C,H, C,HbOCO—C(CH,)C,H, 

11 hj = I +NaI. 

CIT,—CONa I CH--(0 

« Methyl Sodium Acetoacetic Methyl Fthyl Acetoaeetie 

Ester Laicr 


The a-dialkyl acetoacetic esters do not take up a further quantity 
of sodium. 

Preparation of AcetoaceHc E^iter and the Alkyl Acetoacetic Esters —Sixty parts 
of metallic sodium are gradually dissolved m 2000 parts of pure ethyl acetic ester, 
and the excess of the latter is distilled off On cooling, the mass solidities to a 
mixture of sodium acetoacetic ester and sodium cthoxide The remaining 
liquid IS mixed with acetic acid (50 per cent) in slight excess The oil separated 
and floating on the surface of the water is siphoned off, dt^hydrated with calcium 
chloride, and fractionated (A 186 , 214 and 218 , 137) For the prcparatioa of 
the dry sodium compound, see A 201 ,143 

For the preparation of the alkyl acetoacetic esters according to the second 
method, it is not necessary to prepare pure sodium compounds To the aceto¬ 
acetic ester dissolved in 10 times its volume of absolute alcohol is added an 
equivalent amoupt of sodium aud then the alkyl iodide, after which heat 19 
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apphad To introduce a second alkyl an equivalent quantity of the sodium 
alcoholate and the alkyl iodide are again employed (A 186 « 220, 192 , 153 , C 

1904. II 309) In some cases sodium 
hydroxide may be substituted for sodium 
ethoxide in these syntheses (A 250 , 123 
comp B 33,2679) 

Or, sodium may be allowed to act on the 
sodium acetoacetic ester dissolved in some 
inUifEerent solvent e g ether, benzene, 
toluene xylene lo get the sodium in a 
hnely divided form so that it may act with 
a perfectly untarnished surface it is forced 
through a sodium press (tig 11) into the diluent 
or solvent In order that a known quantity 
of sodium wire shall be employed a finely- 
divided and adjustable brass scale is attached 
to the frame of the press whilst the plunger 
carries a pointer After the quantity of 
sodium expressed corresponding with the di 
vision on the scale, has once and for all been 
determined the amount of metal employed 
can always be controlled [H Meerwein and 
(r Schroeter private oommunic ition also 
hossel C 190Z, II 718 ) llic choice of the 
indiifcrent solvent depends on the gieiter or 
less difficulty with which the halo^^tn atom 
IS displaced In many such reactions it is 
necessary to heat the substance s toge thcr for 
days at the boiling point of the solvent 
(comp A 259 , 181) 

(3) The C acyl acetoacetic ester can be employed in the formation of homo 
logons acyl esters it is carefully heated with alkali whereby an acetyl group 13 
split ofi (C 19 >2 II Z410) 

NaOH 

CH,CH,CHsC0CH(C0CH,)C00R -> CH.CHjf riarorH,co,R 

C Butyl Af^toacetic Ester Butyl Acetic Ester 

The action of lodo alkyl and sodium acoholate on the C acyl aectoacctic ester 
is to split off the acetyl group as acetic ester and replace it by alkyl (C 1904, 
n 25) 

(4) A further general method for the synthesis of /? ketone icid esters consists 
m the action of magnesium on a bromo f itty acid estcis* in ethereal solution 
(B 41 , 589 354) 



Fig XI 


(CHa) 

B 


CO,C,H 


,+2Mg 


(CH,), 


OMgBr 


HaO 


BrM^ 

(CH.) 


>C—C{OC,H.)/ 

/ V(CH,),CO.C,H, 

-COr(CH3)aCO,CaHa 


Isobutyl Isobutync Ester 

+MgBra -f MgO - C,H .OH 

(5) A further synthesis depends on the action of meiallo organtc compounds 
on nttnles 

(a) Acid nitnles are condensed with a bromo fatty esters by zinc, and the 
product IS decomposed with water (C 1901 ,1 724) 


yZaB 

C,HaC:N-KCH.),C<^^ 


ZnBr 

R 


CsHfC 




NZnBr 


Butyrooitrila, 


N:(CHa),CO,R 

HaO 


X (rH,)aCOaR 
Autyl Isobutync Batar 
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(6) The condensation of cyanacetic ester with magnesium alkyl iodides 
and subsequent action of water also produces ) 9 -ketone-acid esters (C. X90Z, 

I* 1195): 

H,0 

N:CCH,CO,R-NMgI)CHaCOaR->C,H,COCH,COaR. 

Cyanacetic Ester. Propionyl Acetic Btter. 

(6) The higher esters can also be prepared by the action of ferric chloride on 
acid chlorides, whereby a ketonic acid chloride is first formed. Water causes the 
loss of CO|, forming A ketone (p. 218), but the action pf alcohol is<to produce the 
ketonic acid ester (Hamonet, B. 22 , R. 766): ^ 


-HCI yCH, CjH.OH XH, 

aC.HsCOCl- > CaH,COCH< - > CaH,CCX:H< 

XOCl ^COOCjHs 

Propionyl Chloride. a-Propionyl Propionic Eater. 

The higher chlorides, such as butyryl and osnanthylic, can be employed in 
this reaction. 

(7) When a-acctylene carboxylic acids are boiled with alcoholic potassium 
hydroxide, water is taken up and ^-acyl acetic acids result. By esterification 
with alcohol and mineral acfds at o**, the p-ketonic acid esters are formed (C. 1903, 
I. ioi8): 

HaO 

C^HijC^.COjH- > C,H„CO.CH,CO,H- > C,H,.CO.CH,COCX:,H, 

Hrzyl Propiolic Acid. Hepto-acetlc Ester. 

(8) Finally, certain syntheses have been performed, in isolated cases, from 
aldehydes and diazoacetic ester (p. 405) (B. 40 , 3000): 

CCl,CHO-fN,CHCO,C,H, - > CCl,CO.CH,CO,C,Hft-|-Ng. 


Reactions of the ^-Ketonic Esters. 

(la) On heating the mono- or di-alkyl acetoacetic esters with 
alkalis in diltde aqueous or alcoholic solution, or with barium hydroxide, 
they decompose after the manner of acetoacetic esters (p, 417), forming 
ketones (alkyl acetones) {ketone decomposition): 


CH,CHCO,C,H. CH,CH, 

I +2ROH3- 1 +K,CO,+C,H»OH 

COCHs COCHt 

(CH,),CCO,C,H, (CH,),CH 

I +2K0H= i +K,CO,-hC,H,OH. 

COCH. COCHs 

(16) At the same time another cleavage takes place, by which 
mono- and di-alkylacetic acids are formed along with acetic acid {acid 
decomposition): 


CH,.CHCO,C,H» CH,CH,CO,K 

I +2K0H= +c,h,oh 

COCH, CH.CO.K 

(CH,),C.CO,C,H, (CH,),CHCO,K 

..4.2K0H= ” - — 


:ocH, 


CH,CO,K 


Both of these reactions, in which decomposition occurs (the cleavage of ketone 
and of acid), usually take place simultaneously. In using dilute potassium or 
barium hydroxide solution, the ketone-decomposition predominates, whereas, 
with very concentrated alcoholic potassium hydroxide, the acid-decomposition 
mainly takes place (/. WisHcenus, A. 190 , 276). The production of ketone, with 
elimination of CO|, occurs almost exclusively on boiling with sulphuric or hydro¬ 
chloric acid (i part icid and 2 parts water). 
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This £reaking*down of the mono- and di-alkyl acetoacetic esters is the basis 
of the application of these bodies in the production of mono- and di-alkyl acetones 
(p. sx8). as well as mono- and dialkyl acetic acids. 

(ic) The decomposition of mono- and di-alkyl-acetoacetic esters 
into mono- and di-acctic esters can be carried out directly and com¬ 
pletely by boiling with sodium ethoxide solution (ester decomposition) 
(B. 88, 2670 ; 41, 1260): 

CH5CO.C(CH,),r.O,R+ROH=CHaCO,R4-(CHa)aCHCO,R. 

(2) The acetoacetic esters are converted by nascent hydrogen 
(sodium amalgam) into the corresponding j8-hydioxy-acids (p. 358): 

CH,C 0 .CH,C 02 C,Hg+H,+H, 0 =CH.CH( 0 H).CH,C 0 .HH-C,H. 0 H. 

They are hydrolyzed at the same time. 

(3) Chlorine and bromine produce halogen substitution products of the aceto- 
acetic esters. 

(4) PCI5 replaces the oxygen of the fi-CO group by 2 atoms of chlorine. The 
chloride, CHjCClj.CHjCOCl, readily loses hydrochlouc acid and yields two 
chlorocrotonic acids (p. 295)* 

(5) Orthoformic ester replaces the oxygen of the / 9 -CO group by two ethoxy- 
groups producing / 5 -dicthyl butyric ester, which readily splits otf alcohol and 
yields jS-ethoxycrotonic ester (p. 418). 

(6) Ammonia, aniline, hydrazine and plienylhydrazine acting on acetoacetic 
ester produce the imine, anilide, hydrazone and phenylhydrazone, which can also 
be looked on as being respectively j 5 -amino-, j8-anilino-. / 3 -hydrazino-, and )8- 
phenylhydrazino-crotonic esters. The acetoacetic ester forms the scnucarbazide 
with semicarbazone, and the oxime with hydroxylaminc (B. 28 , 2731). The 
hydrazoncs and oximes of the ^-ketonic esters easily give up alcohol and become 
converted into cyclic derivatives— lactazams and lactazones (comp. p. 406), 
usually known as pyrazolones and tsoxazoles : 

C.HcN-N O-N 

I II I II 

CO.CHaCCH, CO.CH,.C.CH, 

Phenyl Methyl Pyrazolone. Methyl Iso^azole. 

One molecule of hydrazine converts acetoacetic ester into the tuine, 
(CjHiqOj) : N—N: (C,H,0Oj), m.p. 48®, which an exce-^s of hydrazine easily 
transforms into two molecules of methyl pyrazolone (B. 37 , 2820 ; 38 , 3036). 

(7) Nitric oxide and sodium ethoxide change sodium acc’toncetic ester into 
the disodium derivative of isonitramine acetoacetic ester (A. 300 , 89): 

C0,C,H5\ CO,C,Hev /N^O^Na 

>CHNa+ 2 N 0 +C,H 50 Na== >C< +C0HJOH. 

CK,CO^ CHaCO^ ^Na 

(8) Nitrous acid changes the non-alkylated acetoacetic ester to the isonitroso- 
dcrivatives, CH8CO.C(N.OH)COjR, which readily break up into isonitroso- 
acetone, CO* and alcohols (see below). Nitrous acid, acting on mono-alkyl 
acetoacetic esters, displaces the acetyl group and leads to the formation of 
a-isonitroso-fatty acids (p. 410), whereas the free monoalkyl acetoacetic esters, 
under like treatment, split off COj and yield isonitroso-kctoncs (p. 354). 

(9) Benzene diazc-salts act on acetoacetic ester similarly to nitrous acid 
(B. 21 , 549; A. 2470217 ). 

(zo) Diazomethane converts acetoacetic ester into p-methoxy-crotonic ester 
(p. aid) (B. 28 ,1626). 

(11) An important reaction is the union of acetoacetic ester with urea, when 

NH-CO-NH 

water is eliminated and Hsthyl Uraell, | | , is formed. This is 

CHj.C CH-CO 

the p#f;ent substance in the synthesis of uric acid (j'.s.). ^ 
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i x2) Amidines convert acetoacetic ester into pyrimidine compounds pTol. II.). 
13) The action of sulphur chlondc or thionyl chloride on acetoacetic.ester is 
to produce thiodiacetoacetic ester S[CH(COCHs)COsCsHJa (B. 89 , 3255), 

Nucleus^synthetic Reactions, 

(i) Heated alone, acetoacetic ester is changed to dehydracetic acid (y.v.), the 
8 *lactone of an unsaturated 8 -hydroxy-diketone carboxylic acid. 

(2) The action of sulphuric acid causes acetoacetic ester to pass into a con¬ 
densation product, isodehydracetic acid, the 8-lactone of an unsaturated 
8-hydroxy-dxcarboxylic acid. 

(3) Hydrocyanic acid unites with acetoacetic c^ter, forming the nitrile of 
a-methyl malic ester. 

(4) (For the action of magnesium alkyl iodides on acetoacetic ester, comp. 
C. 1902, I. 1197.) 

The nucleus-synthetic reax:tions of sodium acetoacetic ester and 
copper acetoacetic ester are far more numerous. 

(5) It has been repeatedly mentioned that the sodium acetoacetic 
esters could be applied in the building-up of the mono- and di-alkyl 
acetoacetic esters, an4 also, therefore, in the preparation of mono- 
and di-alkyl acetones, as well as mono- and di-alkyl acetic acids. 

(6) Iodine converts sodium dcetoacctic ester into diacetosnccinic ester: 

CII,CO.CHCO,C,Hg 

ch,co.chco,c,h/ 

riiis body is also produced in the electrolysis of sodium acetoacetic ester (B. 88 , 

K. 452) 

(7) Chloroform and sodium acetoacetic ester unite to form hydroxyuvitic 
acid. CgH,(CHa)(OH)(CO,H),. 

(8) Furthermore, monoMoracetone, cyanogen chloride, acid halides, 
and monohalogen subshtution products of mono- and di-carboxylic esters 
react witli sodium acetoacetic ester. Copper acetoacetic ester is most 
advantageously used with phosgene (B, 19, 19). (For greater detail 
see below.) 

(9) Aldehydes, e g, acetaldehyde, and acetoacetic ester unite to form ethyl- 
idcnc mono- and ethylidcnc bisacetoacctic esters. The latter y-diketones espe¬ 
cially are important, because by an intiamolecular change, causing the loss 
of water from CO and CH,, they condense to keto-hydrobenzene derivatives 
(\ 288 , 323), and with ammonia yield hvdropyridme bodies. Acetone condenses 
>\ilh acetoacetic ester, forming isopropylidene acetoacetic ester (p. 425) (B. 30 , 
4S1). 

(10) Acetoacetic ester condenses similarly with orthoformic ester to the 
ethoxymethylene derivative (C^HgOs): CHOCgHg, and to the methylene deriva¬ 
tive (CgHgOg): CH.(C.HgO,) ( 13 . 26 , 2729). 

^i) Dtcyanogen unites with sodium acetoacetic ester, forming the sodium 
compound of a-acetyl g-cyano-P-tminopropionic ester, and of aia-diacetyl piP- 
dtimtno-adipic ester (D. 35 , 4142): 

(12) Phenols condense with acetoacetic ester to form coumarines (Vol. 11 .) 
(B 29,1794); (Vol. II.)formcumarones. * 

Acetoacetic Ethyl Ester, Acetoacetic Ester, CflHioOs=CH8CO.CH2- 
CO2C2H5. b,p.76o 181°, b.p.i2 72®, is a pleasantly smelling li<juid, 
D2 o=I' 0256. The ester is only slightly soluble in water, it custib 
readily in stcam^ Ferric chloride colours it violet. 

VOt. I., 
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Boiling alkalis or acids convert the ester into acetone, carbon 
dioxide and alcohol. In addition to its formation by the action of 
sodium, sodium amide, or sodium ethoxide on acetic ethyl ester, 
it results by the partial decomposition of acetone dicarhoxylic ester 
(y.v.), CO2CJ5H6.CH2COCH2.CO2C2H5. 

Acetoacetic Methyl Ester, b.p. 169®. 

The sodium salt, CH3(CONa): CHCO*CjH,, crystallizes in long needles. 
Copper salt, (C,H,Os),Cu, is produced when a copper acetate solution is shaken 
with an alcoholic solution of icetoacetic ester. When boiled with methyl alcohol, 
it undergoes alcoholysis, and is converted into (C,H,Os)CuOCH8 (B. 35 , 530); 
ahiminUim salt, m.p. 80®, b.p., 194® (C. 1900, I, ii). 

Homologous jS-Ketonie Acid Esters: 

Methyl Acetoacetic Methyl Ester . CH3COCH(CH,)CO,CH3 b.p. 169® 
ethvl ester, bp 187'". 

Ethyl Acetoacetic Methyl Ester , , CHaC0CH(C,H,)C03CH, „ 190® 

ethyl ester, b.p. loS®. 

Dimethyl Acetoacetic Ethyl Ester . CH3COC(CHj),CO,C,H5 ,, 184®! Mode of 
Methyl Ethvl Ai^etoacetic Ester , CH,COC(CH,)(C,Hj)CO,R ,, 108® jfornmtion 
Propyl Acetoacetic Ester , . , CHjCOCH(CjHy)CO,R No, 2 

Diethyl Acetoacetic Ester . • . ClIgCOC(C,Il5),CO,R ,, 2rS®J (p. 413), 

Propionyl Acetic Ester . , • . CHjCHjCOCHjCOjR, b.p.,, 92® (mode of 

formation 3 and 56). 

Propionyl Propionic Ester . , - CHsCH,COCH(CH3)CO,R. b.p. 196® (mode 

of formation i, 4, and 6). 

Butyryl Acetic Methyl Ester . . GHjCHiGHjCOCHjCO-jCH,, b.p.,4 85® (mode 

of formation 3, and 7). 

Butyryl Butyric Ester .... G5H,GOGH(G,H3)G02R, b.p. 223® (mode of 
formation 4 and 6). 

Butyryl Isobutyric Ester • • • G3n,G0C(GHa)3G03R, b.p.j, 109® (mode of 

formation 5a). 

Isobutyryl Isohutyric Ester • • . (CHs)2CHC0C(GH3)jG03R, b.p. 203® (mode 

of formation 4), 

Decanoy I Acetic Ester . • • . CjHjgGOGHjGOaR, bp.,, 165® (mode of 

formation 7). 

The enoU (pseudo-, aci-) form of the above derivatives of acetoacetic acid are 
to be derived from the corresponding forms. 

Ethers and Thio-ethers of the )8-Ketonlc Aeld Esters : p-Diethoxvbutyric 
Ester, Ortho-ethyl Ether of Acetoacetic Ester, ('H3G(0C,Il5)3('il3G03G3H3, is 
obtained by the inter-reaction at low temperatures of acetoacetic and ortho- 
formic esters under the induence of various reagents (comp. pp. 412, 417). It 
is an oil, which is converted by saponification into the crystallizabk* sodium salt 
of fi-dtethoxybutyric acid. This readily gives up GO,, and becomes changed into 
acetone ortho-ethyl ether (p. 225). The diethoxybutyric acid ester decomposes 
on distilhition into alcohol and B-Ethoxycrotonic Ester, ethyl ether of aci-acetoacetic 
ester, GfI,G(()C,Hj); GHGOjCjHg, m.p. 30®, b.p. 195®. This, on saponification, 
yields p-Ethoxycrotonic Acid, m.p. 137®; it can also be formed from sodium ethoxide 
and ^-cblorocrotonic acid (p. 295), and also from acetoacetic ester. On heating, 
it loses CO, and is converted into isopropcnyl ethyl ether (p. 129) (A. 219 , 327; 
256 , 205). Alcoholic sodium ethoxide changes ethoxycro^onic ester back into 
di-ethoxybutyric ester ( 13 . 29 , 1007). p-Methoxycrotomc Ester, CH,C(OCH,): 
CHCO,C,H,, m.p. 188®. is formed from acetoacetic ester and diazomethane 
(B. 28 , 1627). 

A mixture of the two types of ethers—the ethyl ether of the aci- form and 
the ortho-ether of the keto- form of the jS-ketqnic esters—are obtained by boil¬ 
ing the homologous ^ropioUc acid ester (p. 303) with alcoholic potassium 
hydroxide: 

RC:CCO,C,H,- > RCCOC.H.jrCHCO.C.H, RC(OC,H,),.CH,CO,C,H,. 

Similarly, propiolic nitrile yields the ether of the ketonic acid nitrile (G. 1904, 1 . 659 ; 
1906, I. 912). 

The aci-ether is readily hydrolyzed by dilute sulphuric acid into the /9-ketone 
acid ether. 
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P'DithioeihylButyric CH,C(SC*Hb),CH,CO,C,H„ b.p.,, 138®, is decom¬ 

posed by hydrolysis into mercaptan snidp-Thioethyl Crofonic Acid, CH«C(SC|Hg); 
CHCOgH, m.p. 91® (B. 88, 2801 ; 34 , 2634). 

Esters of the acl-jS-Ketonlo Aold Esters. 

Acid chlorides and also halogen alkyls, acting on sodium acetoacetic ester, 
produce mainly the C~acyl compounds (described later among the diketo-carboxylic 
esters). Some 0 ~acyl ester is also formed, which can be obtained as a main product, 
by the action of acid chlorides on acetoacetic ester in the presence of pyridine. 
The O-acyl esters are insoluble in alkalis, whilst the C-acyl esters are soluble, thus 
providing an easy method of separation. When he;*ted with alkalis (potassium 
carbonate, sodium acetoacetic ester, etc.), the O-acyl esters are transformed into 
C-acyl esters. By heating to 240®, 0 -acetyl acetoacetic ester is converted to a 
small extent into di acetoacetic ester (B, 38 , 546): 

CH,C(OCOCH3)=CHCOaCjH5- >■ CHsCO-CH(COCH3)COjCjHb. 

Chlorocarbonic ester and sodium acetoacetic ester produce almost entirely 
carbethoxyl hydroxycrotonic ester, whilst with the copper salt acetyl malomc 
ester is formed (B. 37 , 3394). Both sodium and copper acetoacetic esters yield 
Acetyl Malotianilic And Ester, rHjCOCH(CONHC3lI,)CO|C,H5 (B. 87 , 4627; 
88, 22). It is therefore difficult to formulate a law for the acylation of these 
esters. * 

0 ~Acetyl Acetoacetic Ester, p-Aceioxycrotonic Ester, CIl3r(OCOCHj): CHCOj- 
CgHg, b.p.,2 98®; methyl ester, bp. 05®. O-Butyryl Acetoacetic Methyl Ester, 
b.p.13 103®. 0 -Propionyl Acetoacetic Ethyl Ester, b.p.u 100® (C. 1902, JI. 1411); 
0 ~benzoyi ester, m.p. 4^®. 

0 -Carhoxethyl Acetoacetic Ester, p-Carboxethvl Hydroxycrotonic Ester, CHtC- 
(OCOjCjHs); CHCO^L\U^. 131®. 

Nitrogen Derivatives of /S-Ketone Carboxylic Aold. 

Amides. 

Aqmous .immonia acting on acetoacetic ester produces / 3 -aminocrotonic 
ester (beloW), «ind Acetoacetic Amide. CHjCOCHXONllj, m.p. 50®, which forms a 
crystalline copper salt ( 13 . 35 , 583). Methyl Acetoacetic Amide, CHjCO.CH(CH,)- 
CONIIj, m.p. 73®, and Ethyl Acetnaretic Amide, m.p. 90®, are prepared respec¬ 
tively bom methyl and ethyl acetoacetic ester, and ammonia (A. 257 , 213). 
Similarly, dimethyl and methyl ethyl acetoacetic ester form amides, m.p. 121® 
and 124® respectively ; di-clhyl acetoacetic ester does not form an amide (C. 1907, 
I 401). 

NltrUes, 

Cyanacetone : Acetoacetic Acid Nitrile, CHjCO.CHgCN, b.p. 120-125*, is pr^ 
pareii from imino-acetoacetic nilnlc (see below) and hydrochloric acid ; also by 
the transformation of o-mcthyl isoxazole (p. 354) (B. 25 , 1787). It cannot be 
obtained from chloracetone and KCN. On heating it polymerizes suddenly. 
Chloretliyl methyl ketone and chlormethyl ethyl ketone (p. 342) do, however, 
react with pota^-Miim cyanide to form a-Methyl Acetoacetic Nitrile, CH,COCH- 
(CH,)CN, bp. I and Propionyl Acetonitrile, CHsCHjCOCHiCN, b.p. 165® 
(C. 1900. I- ; 1901, 1 . qh) 

The reaction of aniline, hydrazine, phenylhydrazine and semicarbazide, 
hydroxylamine, nitrous acid, nitnc oxide, diazomethane, benzene, diazo-salts, 
urea and the amidines, with j8-keto-carboxyIic esters are comparable to those on 
pp. 416, 417 (Nos. 6-13), in which the formation of pyrozalones or lactazams from 
the ) 5 -kcto-acid esters and the hydrazines is again to be remarked ; see Phenyl 
Methyl Pyrazolone and Antipyrine (Vol. II.). A more detailed description is 
given in connection with aminocrotonic ester. 

B-Aminocrotonic Ester or Imino-acetoacetic Ester, CHjC(NH,): CHCO*C,H|, 
or CHtC(NH)CHaCO,C,H5, two modifications, m.ps. 20® and 33® (A. 314 , 202), 
is prepared from acetoacetic ester or ) 9 -chIorocrotonic ester Jp. 295) and ammonia 
(B. 28 , R. 927). Aqueous hydrochloric acid convdts it back into acetoacetic 
ester. Hydrochloric acid gas forms a salt which is decomposed by heat at 130* 
into ammonium chloride and 8-oIefinc lactone carboxylic ester. pseudo-httido-‘ 
styril carboxylic ester (B. 20 , 445 ; A. 236 , 292 ; ^0, 172). NaClO and NaBrO 
produce chlor- and brom-amino- crotonic ester, CHsC(NIIX): CHCOiR, which, on 
treatment with acids, lose N 1 I«, and arc converted into a-chlor- and 
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acetoacetic ester (A. 818, 371 )* On tbe action of nitrous acid, see B. 87, 47 . 
Phenyl cyanate and mustard oil combine with aminocrotonic ester, and form a 
series of N- and C- derivatives (A. 814 , 209; 844 ,19): 


(C8H5NHCO).NHrCH, 

NHjCCH, 

II ' and 

II 

HCCOjCjH* 

(C,H5NHC0).C.C08C,H, 

(RNHCS).NHCCH, 

NHaCCH, 

II and 

II 

HCCOjCjH, 

(RNHCS).CCOjC,H, 


p’‘Aniinocrotontc Acid Nitrile^ Imino-acetoacetic Nitnle, CIlgC(NH|): CHCN 
or CHaC(NH).C'H2CN, m.p. 52®, results from the condensation of two molecules 
of acetonitrile by means of metallic sodium (J. pr, Ch. [z] 52 , 81). 

Homologous P^alkylamino- and P-di-alkylamino^acryhc esters, (CjHjjjNCR:- 
CCOjCgHg, and nitriles, CjHgCHaNlICR; CHCN, are prepared by the addition 
of amines to the homologous propiolic esters and nitriles. Acids easily decompose 
them into the j8-ketonic acid esters or nitriles, and amines (C. 1907, I. 25). 
mtrocapfoic Acid, CH,C(N02)aC(CHj)aC0aH, m.p. 215® with decomposition, is 
formed when camphor is boiled for a long time with nitric acid. It can be looked 
on as being a derivative of a-dimethyl acetoacetic acid (B. 26 , 3051). 


Halogen Substitution Products of the jS-Ketonle Esters. 

Chlorine alone or in the presence of sulphuryl chloride acting on acetoacetic 
ester replaces the hydrogen atoms both of the CHj and CII3 groups by chlorine. 
The hydrogen of the (Tlj group is first substituted. 

a-Chloracetoacetio Ester. CHaCOClIClCO,C,Ha, b.p.jj 109°, possesses a 
penetrating odour, y‘Chloracetoacetic Ester, ('ICHjCOCHBCOjCaHj. b.p.,, 105®, 
IS prepared by the oxidation of y-chloro-) 3 -hydroxybulyric ester with chromic 
acid : also synthetically, from chloroacetic ester and aluminium amalgam (comp, 
method of formation 4, p. 414). Copper salt, m.p. 168® with decomposition, 
forms green crystals (C. 1904, I. 788 ; 1907, I. 944)- a-Bromacetoacetic Ester, 
CHjCO.CIlBr COjCjHj, b.p.j, 101-104®. is obtained from acetoacetic ester and 
bromine in the cold (B. 36 , 1730). HBr converts it gradually into y-Brow- 
acetoacetic Ester, CH2Br.CO.CH2COyr.jH5, b.p., 125® (B. 29 ,1042). This substance 
is also formed from bromacetic ester and magnesium (B. 41 , 954)* 

The constitution of these two bodies has been established by condensing them 
with thiourea to the corresponding thia/olc derivatives. 

aa-Dlohloracetoacetle Ester, CHaCOCCljCOjCiHi, b.p. 205®, is a pungent- 
smclhng liquid. Heated with HCl it decomposes into a-dichloracctone, CH,- 
COCHClj, alcohol, and COy: with alkalis it yields acetic and dichloracctic acids. 
aa~Dihromacetoacetic Ester is a liquid; dioxime, CH8C(NOH)C(NOH)COiCjH5, 
m.p. 142®. ay-Dibromacetoacetic Ester, CIIjBr.CO.CHBr.COjCjHj, m.p. 45- 
49®. 

According to Demarfay (B. 13 , 1479, 1870) the y-mono-bromo-mono-alkyl- 
acetoacetic rsters, wh^'n heated alone or with water, split off ethyl bromide and 
yield peculiar acids; thus, bromomethyl acetoacetic ester gave Tetrinic Acid 
or Meth\i Teiromc Acid, whilst bromcthyl acetoacetic ester yielded Pentinic Acid 
or Ethyl Teiromc Acid (L. Wolff, A. 291 , 226); 


CO.CHjBr -CjH.Br 

1 -^ II 

ClIa.CH CO.O.CjH, CH3C 


C(OH).CHrv 

> 


CO' 


T«trlnfr. AcMsMethvI Ar.lf1. 


These acids will be discussed later as lactones of liydroxy-ketonic acids, 
together with the oxidation products of triacid alcohols. 

The y^dibromo-mono alkyl acetoacetic esters, treated with alcoholic potassium 
hvdroxide, yield hydroxvfetiinic acid, hydroxypcntinic acid, etc. Gorbow 
(B. 21 , R. 180) found them to be homologuesof fumaric acid. Hydroxytetrinic 
acid is mesaconic acid (^.v.); whilst hydroxypentinic acid is ethyl fumaric acid 
(4.0.), etc. 

The formation of these olefine dicarboxylic acids from yv-dibromo«mono- 
alkyl acetoacetic esters is easily explained oa the assumptiop that the keto- or 
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aldehyde adds are first formed, which are then converted into the unsatorated 
dkar^xylic acids: 


CHBr, CHO COOH 

I —^ I —I 

CO CH(CH,)CO,R CO.CH(CH,)CO,R CH: C(CH,)CO,R 

The y-bromo-dialkyl acetoacctic esteis, however, behave differently, giving 
rise to lactones of y-hydroxy-) 9 -kctone carboxylic acids (Conrad and Cari). The 
bromine atom of the y-hromo-dxmethyl-acetoacpttc ester (i, see diagrammatic repre¬ 
sentation below), can be replaced by acetoxyl (2),* producing the y-acetoxy- 
dimethyl-acetoacetic ester, which gives up methyl acetate and changes into 
y-hydroxy-dimethyl-acetoacettc acid lactone (3). Bromine, entering the molecule 
of the y-acetoxy-dimethyl-acetoacetic ester, becomes attached to the y-carbon 
atom, producing a compound which has not been isolated. The action of water 
on this IS the immediate production of the lactone of y-dikydroxy-dimethyl-aceto^ 
acetic acid (4). Its salts are those of an aldehyde-ketone-carboxylic atid, which 
is converted by alkalis into ^-dimethyl malic acid (5); whilst on fusion a keto- 
aldehyde —isobutyryl formaldehyde (p 34S)—is formed (6). The inter-relations 
of these compounds are shown as follows (B 31 , 2726, 2954) • 



CH,—CO—C(CH,), 

I I 

0-C^O 

HOCIf—CO—C(CH,), 

i_io 

HOCO—CII(OH)—C(CH,), 

I 

HOCO 


( 2 ) 

U) 

( 5 ) 


The action of ammonia on y-bromo-dimcthyl-acctoacetic ester is to form the 
lactam of y-ammo-dimethvl-acctoaroiic acid—dimethyl ketopyrrolidone— 
which is broken down by hydiochloiic acid into ammo-dimethyl-acetone (p. 344) 
(B. 32 , iiqq) 

y-Tnchloracetoacetic Ester, C( ^COCHjCOjCgH,, b p. 234°, is also prepared 
synthetically from chloral and diazoacctic ester (p. 404) (B. 40 , 3001). 


III. y-Eetonic. Acids. 

These acids are distinguished from the acids of the j8-variety by 
the fact that wlien heated they do not 5neld CO2, but split off water 
and pass into unsaturated y-lactones. They form y-iiydroxy-acids on 
reduction, which readily pass into satuiated y-lactones. An in¬ 
teresting fact in this connection is that they yield remarkably well 
crystallized acetyl derivatives when treated with acetic anhydride. 
This reaction, as well as the production of unsaturated y-lactoiies, 
on distillation, argues for the view that the y-ketomc acids are y-oxy- 
lactones: 

CH.CO.CH.CH, CH,.l;{OH)lcH,.CH, CH, C(OOC.CH,)CH,CH, CH.LcH.CH, 

^ I or I I — y I j — y I I 

COOH O-CO O-CO O-CO. 

LavuJinic Add. Acetyl Lavulinic %cid. C'Angelica la^ctons. 

Lsvnlimo Acid, /S-Aoetopropionio Acid, y-Ketovaleric Acid, or y* 
Oxovalcri c Acid [4-Pentanone Acid], C5HB08=CH3.CO.CH2.CH2.COgH, 

or CH8.(!:(0H).CH8.CH8C0^, m.p. 32-5“; b.p.12 144*, b.p.,,, asg* 
with slight decomposition, is isomeric with methyl acetoacetic add, 
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which* may be designated a-acetopropionic acid. Lsevulinic acid 
can be obtained from the hexoses (q.v.) on boiling them with 
dilute hydrochloric or sulphuric acid. It is more easily obtained 
(i) from Isevulose—hence the name—than from dextrose. It is pre¬ 
pared by heating sucrose or starch with hydrochloric acid (B. 19, 707, 
2572; 20, 1775; A. 227, 99). Its constitution is evident from its 
direct and also indirect syntheses ; (2) from the mono-ethyl ester ot 
succinyl monochloride, ►C1C0,CH2.CH2^02C2H6» methyl (C. 

1899, II. 418); and by boiling the reaction-product of chloracetic 
ester and sodium acetoacetic ester—acetosuccinic ester—with hydro¬ 
chloric acid or barium hydroxide solution (Conrad, A. 188, 223) : 

CH,CO.CHj ciCH,COaC,H, CH,CO.CH.CH,.COjC,H, HCl CH,CO.CHjCH,COjH 

io,c,H^ ^.c6,c,n,. ^ coi 


It is furthermore obtained (3) by th e acti on o f concentra ted H2SO4 

on methyl glutolactonic acid, CH3C(C02H)CH2('H2C00; (4) by 

the oxidation of its corresponding )8-acetopropyl alcohol (p. 342), 
{5) by the oxidation of methyl heptenone (p. 232), of linalool and 
geraniol, two bodies belonging to the group of olefine terpenes. Also, 
by hydrolysis of crotonaldehyde cyanohydrin with warm hydrochloric 
acid and the transformation of the propenyl glycollic acid thus formed 

(P- 397)- 

Lcevulinic acid dissolves very readily in water, alcohol and ether, 
and undergoes the following changes : (i) By slow distillation under 
the ordinary pressure it breaks down into water and a- and angelic 
lactones (p. 398). (2) When heated to 150-200'' with hydriodic acid 
and phosphorus, laevulinic acid is changed to n-valeric acid. (3) By 
the action of sodium amalgam sodium y-hydroxyvalcrate is produced, 
the acid from which changes into y-valerolactone. (4) Dilute nitric 
acid converts laevulinic acid partly into acetic and malonic acid and 
partly into succinic acid and carbon dioxide. Thv action of sunlight 
on an aqueous solution of the acid is to produce a certain quantity of 
methyl alcohol, formic and propionic acids (B, 40, 2417). 


(5) Bromine converts the acid into substitution products (p. 423). 

(6) Iodic acid changes it to hi-todo-acetacrylic acid. (7) PjS, converts it into 
thiotolene, C^HjS.CH, (Vol. II.). For the behaviour of I.xvulinic acid with 
hydroxy^amine and phenylhydrazine consult the jiaragraph relating to the 
nitrogen derivatives of the y-ketonic acids. 

Nticleus-synthetic Ueactions : (8) Hydrocyani c acid and laevulinic acid yield 

the nitrile of methyl glutolactonic acid: CHj.(i)(CN)rH,CH,C '00 (see above). 
(9) Benzaldehyde and laevulinic acid condense in acid solution to p-benzal lavulinic 
acid, and in alkaline solution to B-benzal lavulinic acid (A. 258 ,129 ; B. 26 , 349). 
10) Electrolysis of potassium Ixvulinate results in the prc^uction of 1,4-di¬ 
acetyl butane (p. 352) (B, 33 , 155), 

LavuUnle Aeld Barivatives.—The calcium sail, (C,H,08),Ca+2H,0; silver 
salt, CgHfOgAg, is a characteristic, crystalline precipitate, dissolving in water 
with d&culty ; methyl ester, b.p. 191® ; ethyl ester, b.p. 200®. 


Acetyl Lemdinic Acid, y-Acetoxyl, y^Valerolactone, 


CHiCOOv yOCO 


NZ 


ch,cch,(!:h.* 

m.p. 78®, is particularly noteworthy. It is formed from hevulinic acid and 
acetic anhydride; from silver Uevulinate and acetyl chloride; from levulinic 
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chloride and silver acetate; as well as from a-angelic lactone and acetic acid. 
The last method of formation, as well as the formation of a- and ^-angelic 
lactone by heating acetolaevuHnic acid are most easily understood upon the 
assumption that constitution is really as indicated in the formula shown 
above (A. 256 , 314). 1- 

Lavulinic Chloride, y-Chlorovalerolacione, CH,CClCH,CH,COO, b.p.i^ 80®, 
is produced by the addition of HCl to a-angelic lactone, and by the action of 
acetyl chloride o n laevulinic acid (A. 256 , 334). Lisvulinamide, y-Amido- 

valerolactone, CH3C(MH,)CH|CH,COO, has been obtained from laevulinic ester, 
and from a-angelic lactone and ammonia (A. 229 , 2^^). 

Homologous Lsevullnle Acids are obtained from the homologues of aceto- 
succinic ester (p. 422): 

p-Methyl Lavulinic Acid, p-Acetobutyric Acid, CH*CO.CH(CH,)CH,COiH, 
m.p. —12®, b.p. 242®, is prepared from a-methyl acetosuccinic ester. It forms 
a difficultly soluble semicarbazone (C. X900, 11 . 242), ^-Methyl Lavulinic Acid, 
P‘Acetyl Isohuiyric Acid, CH3CO.CH,CH(CH,)CO*H, m.p. 248®. Homolavulinic 
Acid, %-Methyl Lavulinic Acid, CHaCH,CO.CH,CHjCOOH, m.p. 32“. is obtained 
from ) 3 y-dibromocaproic acid (A. 268 , 6g), together with one of the hydroxy-capro- 
lactones, <i-Ethvl Lavulinic Acul, CH3CO.CH,CH{C,H,)CO,H, m.p. 250-252. 

Mestionic Acid, aa-D%meikyl Lavulinic Acid, CH3C0.CHaC(CH3)|C03H, m.p. 
74'', b.p.iB X38®, is obtained by the action of alcoholic potassium cyanide solution 
on mesityl oxide, CH3COCH ; C(CH3)3 (p. 229). The nitrile, CHjCOCHj- 
(CHjIjCN, is formed as an intermediate product, and can be formed from mesityl 
oxide hydrochloride by KCN. Mesityl oxide and hydrocyanic acid in excess 
produce the cyanhydrin of mesitonic nitrile, the dinitrile of the so-called mesitylic 
acid, which decomposes on being heated with hydrochloric acid into formic and 
mesitonic acids (C. X904, 11 , 1108 ; B. 37 , 4070 ; A. 247 , 90). Mesitonic acid is 
converted into dimetliyl malonic acid when oxidized with nitric acid. 

Pp-Dimethyl Lavulinic Acid, CH,COC(CH3),.CHjCO|H, b.p.j^ X51®, results 
from a-un.s>]u.-dimethyl succinyl chloride and zinc methyl (C. 1899, II. 524), 

hb-Dimethyl Lavulinic Acid, (CHjjjCH.CO.CHjCHjCOjH, m.p. 40®, is pre¬ 
pared from th*' result of the double decomposition of y-bromo-dimethyl-acetoacetic 
ester and sodium malonic ester, by heating it with dilute sulphuric acid (B. 80, 
864); by oxidation of dimethyl acetonyl acetone (p. 252) (B. 81,2311); from 
dibrom-isoheptoic acid and soda solution (A. 288 ,133); by oxidation of various 
terpenes (Vol. II.), such as thujone. 

ph-Dimethyl Lavulinic Acid, CH,CHjCOCH(CH,)CHjCOOH, b.p. i 54 *» 
produced from y-ethylidene ^-methyl butyrolactone, a degradation product of 
dicrotonic acid (?.w.); also by the splitting up of aa-dimethyl acetone dicarbox* 
ylic a-acctic ester (B. 33 , 33^3)- 

Caproyl Isobutyrlc Acid, C3H„COCH3CH(CH,)COjH, m.p. 33®, b.p.31 190* 
(C. 1905, II. 17S2). 

Halogen y-Ketonle Acids. — a-Bromolavulinic Acid, CHsCOCHsCHBrCOtH, 
m.p. 79®, is produced when HBr acts on ) 9 -acetoacrylic acid, filing water 
converts it into a-hydroxylaivulinic acid {q,v.). 

p~BromolavuUnic Acid, CH,COCHBrCH,CO,H, m.p. 59®, is produced 
in the bromination of laevulinic acid, as well as by the action of water on the 
addition product of bromine and a-angelic lactone. Warming with sodium 
hydroxide converts the ^-bromolaevulinic acid into a-hydroxylsvulinic acid and 
j8-acetoacrylic acid. Ammonia converts the jS-bromoleevulinic acid into tetra- 
mcthyl pyrazine, whilst aniline produces pyrazine-2,3-dimethyl indole (B. 21,3360). 

ap~Dibromolavulinic Acid, CHjCOCHBrCHBrCOjH, m.j>. 108®, is prepared 
from ) 5 -acetacrylic acid and Br*. p 8 -DibromolavuHnic Acid, CH,BrCOCHBi> 
CIIjCOaH, m.p. 115®, is produced in the bromination of laevulinic acid. It yi^ds 
diacetyl and glyoxyl propionic acid, HOC.CO.CHjCHjCOjH, when it is boiled 
with water. Concentrated nitric acid converts it into dibromodinitromethane 
and monobromosuccinic acid, whilst with concentrated Sulphuric acid it 3rielda 
two isomeric dibromo-diketo-U-pevtoncs (Vol. II.). 

Nitrogen Derivatives of the y-KetonIe Aelds._ 

(t) Lmulinamidt. CH.COCH.CH.CONH, or CH,(!:(NH,)CH,CH,CO(i, m.p. 
107® (see above). 
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(2) Jction of Hydrazinet NH,NHa: Lavidinic Hydrazido, CHtCOCHiCH^- 
CONHNHa, m.p. 82^. On the application of heat it passes into a lactazam 

I 

{p^4c6y^yMethyl Pyridaxolone, yMethyl Pyridaxinonet CHt(C»N.KH)CH^ 


(£^400)—3-iwswy# Py\ 
CH,CO. m.p. 94* (B. 26 , 


CH,CO, m.p. 94* (B. 28 .408 ; J. pr. Ch. [2] 60 ,522). 

(3) Action of Phenylhydrazine, NH^NHCiHg: The first product is a hydra- 
zone, which yields a lactazam when heated. Lavuhnic Phenylhydrazone^ CHgCt = 
NNHC,H|)CH,CH2C-0,n, m.p. io8°. This passes into yMethyl Phenyl Pyrida- 
xolone, m.p. 81*^ (A. 253 , 44) When fused with zinc chloride it Hornes dimetbyl- 
indol acetic acid, v 


C,H4.CCH2C00K 
NH—CCH, “ 

Methyl Indole Acetic Acid. 


HOCO.CHj.CH, 

C,H,NH.N:CCH, 


CO—CH,—CH, 
*'C,H,N-N:CCH, 

Methyl Phenyl Pyridazolone. 


Phenylhydraxone Mesitonic Acid, Phenylkydrazone n-Dtrnethvl Lervulinic Acid, 
CH,C(:NNHC,H,)CH,C(CH,),CO,H, m.p^_i2i25^^_J[^passes into ethyl i‘ 

Dimethyl n~Phenyl Pyridazolone, C,H,lJN:C(CH,)CH,C(CH3)io, m.p. 84® (A. 
247 , 105). 

(4) Action of Hydroxylamine : Lavulinic Oxime, QH,C(NOH)CiI,CHaCO,H, 
m.p. 95® (B. 26 , Z930), undergoes rearrangement in presence of concentrated 

CHjCOv 

sulphuric acid into succinyl methyliniid''. | ^NCH,. 

CH,CO/ 

IV. 8-Katon!e Acids. 

Such acids have been prepared tiom acetyl glutaric acids (^.v.) by the cleavage 
of CO,. On reduction they yield ddactones (p. 375). 

y-Acetobutyrie Acid, Cll,CO.CH|CH,CH,CO,H, m.p. 13®, b.p. 275®, is formed 
by the oxidation of y-acctobutyl alcohol (p. 342); and from dihydroresorcinol by 
barium hydroxide solution. Sodium cthoxidc changes it back into dihydrorcsor- 
cinol. 

y^Ethyl y-Acetobutyric Acid, CH,C0.(:H(C*H5)CH|CH,C0,H, b.p.„ 173®, 
b.p. 280®. yy^Dimethyl y-Aceiohutyric Acid, CH,.COC(CIl 3 ),ClI,CH|COOII, 
m.p. 48®, is obtained from ao’dimethyl glutaric ethyl ester acid chloride and 
zme methyl (C. 1899, 11 . 524); also from isolauronolic acid and ^-campholenic 
acid by oxidation (C. 1897, J. 26). y-Butyrobutync Acid, Cli,CH,CH,CO.- 
CH,CH,CH,CO,H, m.p. 34®, from coniine (Vol. 11 .) and H,0,. 

Certain higher ketonic acids have been prepared by the oxidation of hydro- 
aroiliatic compounds of the terpenc group, and are important in determining the 
constitution of the latter. Other kctonic acids result frdm the hydrolysis of 
acetylene carboxylic acids by means of concentrated sulphuric acid. A case in 
point is Ketostearic Acid, from stearolic acid (p. 304), which is produced on treating 
oleic and elafdic di-bromides with alcoholic potassium hydroxide. See oleic 
acid (p. 300) for the value of these ketonic acids in determining the constitu¬ 
tion of the olefine and acetylene carbonic acids, which are closelv related to them. 

ylsopropyl-hepiane-'Z-one Acid, fi-Isopropyl h-Acetyl Valeric Acid, CH,CO.CH|.- 
CH,CH(r,H,)CH,CO,H, m.p. 40®, b.p.„ 192®, is prepared from tetrahydrocar- 
vone, (Vol. II.). 2,fi-DimethyUoctane-yone Acid, p-Methyl h-Isobutyl Valeric 
Add, CH,CH(CH,)CO.CH,CH,CH(CH,)CH,CO,H, b.p.,, 186®, is prepared from 
mentbone (Vol. II.). Undecanonic Acid, CH,CO[CHJ,r, 0 ,H (?), m.p. 49®, i? 
formed from undecolic acid (p. 304). 

^•Ketostearic Acid, CH,[CH,],CO[CH,],CO,H, m.p. 83®, is obtained froir 
chloroketostearic acid (B. 29 , 806), and is a transposition product of ricinoleic 
acid (p. 302). 

^Ketostearic Add, Oxostearic acid, CH,[CH,],CO[CH,],CO,H, m.p, 76®, 
is obtained from stea^Iic acid (p. 304) by the action of concentrated sulphuric 
acid ; also by heating the salt of dihydroxystearic acid, produced by the oxidation 
of this acid KMnO, (J-pr. Ch. [2] 71 , 422). Consult oleic acid (p. 300) for 
the decomposition of its oxime. 
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C. UNSATUKATED KETONIC ACIDS OLEFINE KETONIC ACIDS 

jS-Ketonle Aeldi: 

COCH 

Ethyhdene Aeetoacetle Ester, CH,CH C<^q ^ ^ P six*, results from 

the action of hydxochloric acid ammonia diethylamine or pipendine on aide- 
hjdc and acetoactiic ester (A 218 , 172, B 29 , 172. 81 , 735) Magnesium 
methyl iodide converts it into a salt of isopropyl acetoacetic ester (C X902 I 1197} 

C H 

Isopropyhdene Acetoacetic Lster (Cn,),C 215®, is prepared 

from acetone and acetoacetic ester by the action of HCl and then of quinoline (B 
80 , 481) 

Isoheptenoyl Acetic Acid (CH,)aC CCH,CH,CCXH,CO,H. is prepared from 
isohexenyl propiolic acid (method of formation 7, p 415), ethyl ester, b p ^4 
127-130® (C 1903, I 1019) 

V Ketonic Acids: 

AccioaCiyUe Acid, CH,COCH CHCOjH mp 125®, is derived together 
witn P hydroxylssvulmic acid from bromolsevuhmc acid, and also from chloral- 
acetone upon digestion with i soda solution It combines with HBr and with 
bromine forming a )3 dibromolaFMilinic acid ind a-bromolaevulmic acid (A 204 , 
231) For constitation ofic to civhcacid see B 86,1157 

p-Tn chlor ac etoacryhc Acid Trxchlorophenomahc Aad CCljCO CH CHCO|H 

or CClj <! (OH)CH CHCOO mp 131®, is obtained from benzene by the action 
of potissium chlorate and sulphuric acid (A 223 , 170, 280 , 176) It breaks 
up into chloroform and makic acid when boiled with ba rium hydroxide _ 

It yields Acetyl Tnchlorophenomahc Acid, CCl3C(OCOCHj)CH CH COO 
mp 86® (A 264 , 152) whtn tmtid with acetic anhydride i^erchloractiyl 
Acrylic Acid CCljCOCfl CClCOll m p 83-84® (B 26,511) and other chlori¬ 
nated acetyl af rylic and acrtvl methyl acr} he acids (B 26 , 1670), are formed 
from the decomposition of benzene denvitivcs which have previously been 
chlorinated 


^ P’Acetyl Dtbromacryhc 4 cid CH,CO CBr CBrCOOH, or CH, c!(OH)CBr CBr- 

COO mp 7S® results upon ti e iting a tnbromothiotolene with mtnc acid Its 
rtmi 1 dh low conductiviU points to a lactone formula (B 24 , 77 , 26 , R 16) 

8 Ketonic Acids.- ( hlonnited 3 ketonic acids have been obtained from the 
ketotlil j ] les of usurcinol and orciDol eg, tnchlotacetyl trichlorocrotomc acid, 
CCljCOCCl I liCCljCOall (B 86,317,504 1666) 


CARBONIC ACID AND ITS DERIVATIVES 

The salts and esters of carbonic acid are derived from carbonic 
acid hydrate, CO(OH)2, which is unstable in the free state, and which 
may be regarded also as liydroxyformic acid, HOCOOH, Its sym¬ 
metrical structure distinguishes it, however, from the other hydroxy- 
acids containing three atoms of oxygen It is a weak dtbastc acid and 
constitutes the transition to the true dibasic dicarboxyhc acids—hence 
It will be treated separately 

On attempting to liberate the hydrated acid from carbonates bv a 
stronger acid, it breaks down, as almost always happens, when two 
hydroxyl groups are attached to the same carbon atom. A molecule 
of water separates, and carbon dioxide, CO2, the anhydnde of carbonic 
acid, IS set free. The carbonates recall the sulphites in their behaviour, 
and carbon dioxide reminds us of sulphur dioxide or sulphurous anhy« 
dride. 
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Every carbon compouiui, containing an atom of carbqp in double 
union with an oxygen atom, may be regarded as the anhydride of a 
dihydroxyl body corresponding with it. The hydrate formula, C=0- 
(0H)2, of carbonic acid may be viewed as the formula of an anhydride 
of the compound C(OIl)4. Of course a compound of this form will 
be as unstable as orthoformic acid, HC{OH)3 (p. 235). However, 
esters derived from the formula C(OH)4, can actually be prepared; 
they are the orihocarbonic esters. In a broader sense, all methane 
derivatives, in which the four hydrogen atoms have been replaced by 
four univalent elements or residues, must be considered as derivatives 
of orthocarbonic acid, e.g. tetrachloro-, tetrabromo-, tetra-iodo-, and 
tetrafluoro-methane. From this point of view tetrachloromctliane 
is the chloride of orthocarbonic acid. These compounds, together 
with chloiopicrin, CCI3NO21 bromopicrin. CBr3N02. bromonitroform, 
CBr(N02)3. and tetramtromethane, C(N02)4, will be discussed later as 
derivatives of orthocarbonic acid. The carbon tetramidc is not 
known. Ammonia appears most frequently in.the reactions where it 
might well be expected, and also guanidine, which sustains the same 
relation to the hypothetical carbon tetramide—the amide of ortho¬ 
carbonic acid, as metacarbonic acid bears to the ortho-acid : 


HO. 


Orthocarbonic Acid, 
(does not exist). 


g^>c=o o=c=o 

Metacarbonic Acid, Carbon Dioxide, 

(does not exist). Carbonic Acid Anhydride* 


H,N. .NH, 

Amide oi Orthocarbonic Acid 
(does not exist). 


Guanidine. 




Carbon Monoxide, CO, the first oxidation product ot carbon, was 
described immediately after formic acid (p. 247). When carbon 
is oxidized, the temperature determines whether carbon monoxide 
or dioxide shall be formed: at a high temperature only the monoxide 
is fprmed, the carbon behaving as a di-valent element. 

Carbon Dioxide, CO2, is the final combustion product of carbon. 
Under favourable conditions the carbon of every organic substance 
will be converted into it. In the quantitative analysis of carbon 
derivatives carbon is determined in the form of CO2 (p. 3). 

Liquid carbon dioxide is a good solvent for many organic substances, 
especially those that are more volatile, a behaviour which resembles 
the organic solvents (C. 1906, L 1239). 

Several of the methods for the formation of carbon dioxide, which are 
especially important in organic chemistry, may b( mentioned here. 
Carbon dioxide is developed from fermentable sugars in the alcoholic 
fermentation process (p. 112), It is readily formed by the oxidation 
of formic acid (p. 238), into which it can be converted by reduction 
(B. 28, R, 458); and can be withdrawn from the carboxylic acids, 

i.e. from the acids containing carboxyl, —C<o » when hydrogen will 

enter where the carboxyl group was first attached. Those polycar- 
boxylic acids, containing two carboxyl groups in union with each other, 
or two and more carboxyls linked to the same carbon atom, readily 
part with carbon dioxide on the application of heat. In the latter 
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case carboxylic acids result, in which each carboxyl remaining over is 
attached to a particular carbon atom. e.g. : 

Malonic Acid. HO,C.CH,.CO,H - >• CO,+CH,.CO,H. 

The ) 3 -ketonic acids behave similarly (p. 410), e.g,: 

Aceloacetic Acid. CHjCOCHj.COjH-COt and CHaCO.CIIj. 

Monocarboxylic acids or tlieir alkali salts can be deprived of CO2 
upon heating tliem with NaOH, when it is withdrawn as Na2C03 
(p. 72): 

CH3COaNa-|-NaOH-=Naj|COs+CH4, 

The electric current, acting on concentrated solutions of the alkali 
salts of carboxylic acids, splits off carbon dioxide (p. 71), e,g.: 

2CH,C04K- > CH^CHs-faCO, and aK. 

The calcium salts of many carboxylic acids are decomposed by heat 
with the production of calcium carbonate and ketones (p. 190), e,g.: 

(CHaCO,),Ca - > CaCO,+CH,COCH,. 

These and similar reactions, in which CO2 readily separates from 
organic compounds, are of the first importance in the production of 
the different classes of compounds. In contrast to the splitting-off of 
CO2 in certain reactions we have its absorption by certain organic 
metallic derivatives : nucleus-syntheses, in which carboxylic aci(k are 
produced: 

CH,MgI 4 -<' 0 ,=CIIsCO,MsI : CH>CS:Na-frOj=CH,C^COaNa; 

(comp. Salicylic Acid, Vol. II,). 

Esters of Metacarbonic Acid, or ordinary Carbonic Acid. 

The primary esters of caibonic acid are not stable in a free con¬ 
dition. They are prepared from the alcohols and carbon dioxide at 
low temperatures (B. 31 , 3001). 

Dumas and Peligot obtained the barium salt of methyl carbonic acid on 
conducting carbon dioxide into a methyl alcohol solution of anhydious barium 
hydroxide (A. 35 , 283). 

Magnesium methoxide combines with CO| to form magnesium meth>l 
carbonate ( 13 . 30 , Z836). 

The potassium salt of Ethyl Carbonic Acid, CO<q^>^*, separates in 

pearly scales on adding CO, to the alcoholic solution of potassium alcoholate. 
Water decomposes it into potassium carbonate and alcohol. 

The neutral esters appear (i) when the alkyl iodides act on silver 
carbonate: 

Ag.CO.-f'2C.H|Is*(C.H.)jCO.-|“2AgI i 

also (2) by treating esters of chloroformic acid with alcohols, whereby 
mixed esters may also be obtained: 

ch,cx:och-hoc,h,-iCh,oco.oc,ii.+hcl 

Methyl Ethyl C.ibonat*. 
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This shows that, with application of heat, the higher alcohols are able to 
expel the lower alcohols from the mixed esters: 


C*HeOCOOCH,-f-C,H 8 . 0 H=C,H,OCOOC,H,+CH,OH. 

Methyl Bthyl Ebtei. Diethyl Ester. 

Hence, to obtain the mixed ester, the reaction must occur at a lower tempera* 
ture. 

As regards the nature of the product, it is immaterial as to what order is 
pursued in introducin/ the alkyl groups, t e. whether proceeding from chloro- 
formic ester, we let < thyl alcohol act on it, or reveise the case, letting methyl 
alcohol act on ethyl Uiloroformic ester; the same mMhyl ethyl carbonic acid 
results in each case (B. 13 , 2417). This is an additional confirmation of the 
like valence of the carbon affinities, already proved b}' numerous experiments 
made with that direct object (with the mixed ketones) in view (p. 22) (C. X901, 
II. 2x9). 


The neutral carbonic esters are ethereal smelling liquids, dissolving 
readily in water. Except ing the dimethyl and the methyl ethyl ester, all 
are lighter than water. With ammonia they first yield carbamic esters 
• and then urea. When they are heated with phpsphorus pentachloride, 
an alkyl group is eliminated, and in the case ol the mixed esters this 
is always the lower one, whilst the chloroformic esters constitute the 
product: 

C,H 50 COOCH,+PCl 5 ==C,H 50 COCl=POaj-fCH,Cl. 

Carbonic esters are converted to carboxylic esters by alkyl and aryl-magnesium 
halides (B. 38 , 561). 

Methyl Carbonic Ester, CO(OCH8)j, b.p, 91®, is pioduced from chloro¬ 
formic ester by heating it with lead oxide; methyl ethyl ester, CHjOCOOCaH#, 
b.p. 109®; diethyl ester, CO(OCjH5)a, b.p. 12O®, is obtained from ethyl 
oxalate, on warming with sodium or sodium ethoxidc (with evolution of CO); 
methyl propyl ester, b.p. X31®. 

yOCHj 

Glycol Carbonate, Carbomc Ethylene Ester, CO<f | , m p. 39®, b.p. 236^, is 

^OCH, 

obtained from glycol and COCl,. 

Derivatives of Orthocarbonie Acid (p. 426). 

Orthocarbomc Ester or Tcfrabasic Carbonic Ester (Bassett, i 80 ^, A. 182 , 54), 
is produced when sodium alcoholates act on chloropicnn : 

CCl3(NOa)+4C*H40Na=C(OCaHj)4-j-3NaCl fNaNO,. 

Orthocarbomc Ethyl Ester, C(OCjH5)4, b.p. 158“, is a liquid wnh an ethereal 
odour When heated with ammonia it yields guanidine (p 435) and alcohol. 
Alkyl and aryl magnesium halides convert it to ortho-carlk>xylic esters, 
RC(CC8H4)8 (p. 284) (B. 38 , 563). 

The propyl ester, C(OC8H7)4, b.p. 224® ; isobutyl ester, b.p. 245®; methyl ester 
apparently can not be prepar^ (A. 205 , 254). 


The tetrahalogen substitution products of methane appear to be 
the halides corresponding with orthocarbomc acid. They bear the 
same relation to the orthocarbonie esters that chloroform, bromoform 
and iodoform sustain to the orthoformic esters. Indeed, tetrachloro- 
and tetrabromomethane and sodium alcoliolate do yield orthocar- 
bonic esters, thougji wj^h poor yield (B. 88, 563; C. 1906, I. 1691). 
The formation of orthoc^bonic acid and trichloromethyl sulpho- 
chloride (p. 434) by means bf NaOC2H5, see C. 1908, 1 , 1041. 

Methane Tetrahalogen Su^HjltUion Products: 

Teirajhicromethane, Carbon Tetre^Monde, CF4, is a colourless gas, condensable 
by* pressure. It is remarkable that a^is body belongs to that small class Of- 
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carbon derivatives which can be directly prepared from the elements. Finely 
divided carbon, e g lamp black, combmes directly with fluonne, with production 
of light and heat 

Tetraohlorometliane or Carbon TetraoUoride, CCI4, solidifies —30°, 
b.p. 76°, Do=I’63I, is foiined (i) by the action of chlonne on chloro¬ 
form in sunlight, or upon the addition of iodine, and (2) by action of 
Cl on CS2 at 20-40°, C2CI4 and C2CI0 being formed at the same time 
(B. 27,3160), (3) upon heating CS2 wifh S2CI2 m the presence of 
small quantities of iron: CS2+2S2Cl2~CCl4+6S (D. R. P, 72999). 
Prepantion of the pure substance, see C. 1899, II. 1098. 

It IS a pleasant-smelling liquid solidifying to a crystalline mass at 
—30°. It is an excellent solvent for many substances, and is made 
upon a technical scale When heated with alcoholic KOH, it decom- 
po"**s according to the following equation : 

CCI 4 4 - 6 KOH = KjCO, -f- 3 H 4 O 

When the \ ipo 11s iie conducted throut,h a red hot tube decomposition 
occurs and CgCl4 and ( 2Cl4*art produced Ihis is an intcrestmg reaction because 
as we have learned under acetic acid (p 2S8) it plays a part in the first 
synthesis of this long-known acid CjClg is produced from CCI 4 by means of 
aluminium amalt^am (p 96) When tirbon tetrachloride is digested with 
phenol* and sodium h'ldiOMdt phenol emboxyhe ac\d% are produced (Vol II ) 

Tetrabromomethane, CBr* mp 925® bp 189®, obtained by the action of 
brom iofli<U on bromoform 01 CS^ or of bromine and alkali on acetone and 
other comp >u ids (( iqob I 1691) ciystalhzcs in shining plates 

Tetraiodomethane, CI4, D,o-=4 32 is foimed when CC14 is heated with 
aluminium iodide It crystslhrcs from ether in dark red, regular octahedra 
On cYpusur^ to an it decomposes into COg and 1 a change which is accelerated 
by heat 

Ritro-derivativeB of Orthocarbonic Acid 

Nitrochloroform, CMoroptcnn, C(N02)013, bp. 112°, Do=1*692, is 
frequently produced in tlie action of nitnc acid on chlorinated 
carbon compounds such as chloral, and also when chlorine or bleaching 
powder acts on nilro-deri\ativcs, picric acid and nitromethane, 
ilso from mercury fulminate (p 2 jg) 

In the preparation of chloiopicnn 10 parts of bleaching powder are mixed 
to a thick pxstc with water To this is added i part of picric acid or [2,4,6]- 
trinitrophcnol CgH,[i]OH[2 4 6 KNOglg 

Chloropicun is a colourless liquid, possessing a very penetrating 
odour that attacks the eyes powerfully. It explodes when heated 
rapidly. When treated with acetic acid and iron ^ings it is converted 
into methylamine: 

CCl.(N0j)+6Hg=CH,NH,4-3Ha4-2H20 

Alkah sulphites change it to formyl tnsulphomc acid, ammonia 
to guanidine, and sodium ethoxide to orthocarbonic ester (p. 428). 

Bromoplerln, CBrgfNOg) m p xo®, can be distilled ui^er greatly reduced 
pressure without decomposition, and is formed, like the picctdmg chloro-com- 
pound, by heating picnc acid with calcium hypobromite (calcium hydroxide 
and bromine) or by heating mtromctliane with bromine (p 151) It closdy 
resembles chloropicrm 

Bromonitroform, tetianitromethane and the salts of the nitroforms, which 
belong here, have already been described among the nitro-paraffins (p 155, see 

alsop 339)* 
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CHLORIDES OF CARBONIC ACID 

Two series of salts, two scries of esters, and two chlorides can be 
obtained theoretically from a dibasic acid : 

C0<g\y CO<g} 

Ethyl Carbonic Acid, Carbonic Acid, Chlorocarbonic Ester, Phosgene* 
only known as salt. Diethyl Ester. only known as ester. 

(1) Chlorocarbonic Ester.—^The primary chloride of carbonic acid, 
chlorocarbonic acid, is not known, because it loses HCl too easily. 
Its esters are, however, known, and are produced when alcohols act 
on phosgene or carbon oxychloride, the secondary chloride of carbonic 
acid (Dumas, 1833). They are often called chloroformic esters, 
because they can be regarded as esters of the chlorine substitution 
products of formic acM : 

ccx:u+CjH*OH ==ClCOOC,H5-l-Ha. 

They are most readily prepared by introducing the alcohol into liquid and 
strongly cooled phosgene (B. 18 , 1177). They are volatile, disagreeable-smelling 
liquids, decomposable by water, and when heated with anhydrous alcohols they 
yield the neutral carbonic esters ; with ammonia they yield urethanes (p. 435); 
with hydrazine, hydrazicarbonic esters (p. 446); with ammonium hydrazide, 
nitrogen compounds of carbonic esters (sec below). 'Jliey contain the group 
COCl, just as in acetyl chloride ; hence they behave like fatty acid chlorides. 

The methyl ester, 01 . 00 * 0118 , b.p. 7i'4° ; ethyl ester, bp.93®: D,8«i-i430f>; 
propyl ester, b.p. 115®; isobutyl ester, b.p. 128*8®; isoamyl ester, b.p. 154° ( 15 , 
13 , 2417 ; 25 , 1449); allyl ester, b.p. iSo® (A. 302 , 202). 

Perchlorocarbonic Ethyl Ester, Ol.COOCjOlj, Hj.p. 2b®, b.p. 83®, b.p.,*!! 209®, 
D-as I *737, is isomeric with pcrchloracetic methyl ester (p. 288 ; A. 273 , 5b). 

Chlovocarbonate of Glycollic Ester, Cl.CO.OCH2C(^2C8H5, b.p. 182®. Chloro- 
carbonate of Lactic Ester, ClljOl^OOOCh.COiCjlI,, b p.,# 91® (A. 302 , 262). 

(2) Carbonyl Chloride, Phosgene Gas, Carbon Oxychloride, COCl a, 
b.p, 8“, was first obtained by Davy, in 1812, by the direct union of CO 
with CI2 in sunlight; hence the name phosgene, from light, and 
yivvam, to produce. It is also formed by conducting CO into boiling 
SbClg, and by oxidizing chloroform by air in the sunlight or with 
chromic acid: 

aCHCI.-l-CrOs-f20=20001,+H, 0 +Cr 0 ,CI,. 

Phosgene is most conveniently prepared from carbon tetrachloride 
(100 C.C.), and 80 per cent, “Oleum” {120 c.c.), a sulphuric acid 
containing SO3 (B. 26, 1990), when the SOg is converted into pjnro- 
sulphuryl chloride, SgOgClg. 

Technically it is made by conducting CO and 01 , over pulverized and cooled 
bone charcoal (Paierno). 

Carbonyl chlofide is a colourless gas, which on cooling is condensed 
to a liquid. Reactions: (i) Water at once breaks it up into COg and 
2HCI. (2) Alcohols convert it into chlorocarbonic and carbonic esters. 

(3) With ammonium chloride it forms urea chloride. (4) Urea is pro- 
.duced when ammonia acts on it. Phosgene has been employed 
in numerous nucleus-synthetiis^ reactions, e.g. it has been used 
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technically for the preparation of di- and tri-phenylmethane dye¬ 
stuffs (see Tetramethyl Diamidobenzophenone, Vol. IL). 

Carbonyl Bromide, COBr,. b.p. 64-65®, Di5=2*45, is prepared from carbon 
tetrabromide and concentrated sulphuric acid, at 150*160®. It is a colourless 
liquid which fumes in the air (A. 845 , 334). 


SULPHUR DERIVATIVES OF ORDINARY CARBONIC ACID 

By supposing the oxygen in the formula CO (OH) 2 to be replaced 
by sulphur, there result: 


I. 

^^<OH 

Thioearbonie Aetd 
Carboomonothiohe Acid. 

2 CS<*^^ 
2. 

SulphocarboHtc Acid 
Thion-carboiiic Acid. 

3- 

CO<|“ 

Dithiocarbontc Aad 
Carbondithiohc Acid 

4. CS<QJJ 

SiUphoikiocarhonxc Actd 
Thion'carbon-thiolic Actd. 

5- 

CS<iH 

TfUhiocarbontc Add, 

m 


« 


The doubly-linked S is indicated in the name by sulph or thion, 
whilst it is termed thio or thiol when t-irgly linked. 

The free acids are not known, or are very unstable, but numerous 
derivatives, such as salts, esters and amides, are known. Carbon 
oxysidphide, COS. is the anhydride or sulphanhydride corresponding 
with thiocarbonic acid, sulphocarbonic acid and dithiocarbonic acid. 

Carbon Disulphide, CSg, sustains the same relation to sulphothio- 
carbonic acid and trithiocarbonic acid that carbon dioxide does to 
ordinary carbonic acid. 

Phosgene corresponds with thiopliosgene, CSC! 2. 

The two anhydrides, COS and CS2, will first be discussed, then the 
salts and esters of the five acids just mentioned, to which thiopliosgene 
and the sulphur derivatives of the chlorocarbonic esters are connected. 

Carbon Oxysulphlde, COS (1867 C. 9. Than, A. Spl. 5 , 245), occurs in 
some mineral springs qs, for example, in the sulphur waters of Harkany and 
Parid in Hungaiy, and is formed (i) by conducting sulphur vapour and carbon 
monoxide through red-hot tubes; (2) on heating CSj with SO3; (3) by the 
action of COCl, on CdS at 260-280® (B. 24 , 2971); (4) by the action of fatty 
acids (p. 276); or (5) sulphuric acid, diluted with an equal volume of water on 
potassium thiocyanate, HSNC-fHjO—COS-fNHa (B. 20 , 550). 

In order to obtain it pure (B. 86, 1008) the gas may be conducted into an 
alcoholic potassium hydroxide solution, and (6) the separated potassium ethyl 
thiocarbonatc, C,H,OCOSK, decomposed with dilute hydrochloric acid. 

Carbon oxysulphide is a colourless gas, with a faint and peculiar odour. 
It inflames readily, and forms an explosive mixture with air. It is soluble in 
an equal volume of water, and in 6 volumes of toluene at 14®. It is decomposed 
by the alkalis according to the following equation: 

COS-h 4KOH=K,CO,+K,S- 1 - 2 H, 0 . 

CarboB Disulphide, CS2, b.p. 47°, Do 1*297, was first obtained in 
*1796 by Lampadius^'when he distilled pyrites with cTirbon. It is pre¬ 
pared by conducting sulphur vapour over ignited charcoal, and is one 
of the few carbon compounds which can be prepared by the direct 
union of carbon with other elements. It is a colourless liquid with 
strong refractive power. It is obtained pure by distilling the corn- 
mere^ product over mercury or mercuric chloride; its odour is then 
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very faint. It is almost insoluble in water, but mixes with alcohol 
and ether. It serves as an excellent solvent for iodine, sulphur, phos¬ 
phorus, fatty oils and resins, and is used in the vulcanization of rubber. 
In the cold it combines with water, yielding the hydrate 2CS2+H2O, 
which decomposes again at — 

Small quantities of carbon disulphide are detected by conversion into 
potassium xanthate, by means of alcoholic potassium hydroxide, from which the 
copper salt is obtained. The production of the btighi^red compound of CSg 
with triethyl phosphine (p. 173, and B. 13 , 1732) is a more delicate test. Comp, 
also the mustard-oil reaction, p. 63. 

HjS and CSj conducted over heated copper yield methane (p, 71). Carbon 
disulphide is fairlv stable towards dry halogens, so that it is frequently used 
as a solvent in adding halogens to unsaturated carbon compounds. 

However, moist chlorine gas converts CS2 into thiocaibonyl chloride, CSClg, 
and in the presence of iodine into CClgSCl, perchloromethyl mercaptan and 
S,C 1 |; finally mio CCI4 (p. 429). Alcoholates change it into xanthates. 

Thiocarbonic Acids.—^The salts and estef's of all these acids, 
which wlK'n free are exceedingly unstable, may ho produced (i) by 
the union of the anhydrides, CO2. COS, CS2, with («) the sulphides 
of the alkali and alkali earth metals, (6) the mercaptides of the alkali 
metals, (c) and of the last two with alcoholates ; (2) by the trans¬ 
position of the salts thus obtained with alkylogens and alkylene di¬ 
halides ; {3) by the action of alcohols and alcoholates, mercaptans 
and alfeli mercaptides on COOg, CI.CO2C2H5 (p. 430), CSCl£ and 
CI.CS2C2H5 (p. 434 )* 


Monothiocarbonic Acids. 

1. Ethyl Thioearbonio Acid, Ethyl Carbon-monothiolic Actd, HS.CO.OCjH^. 
The potassium salt {Bender’s salt), KS COOCgHg, is obtained (i) from ethyl 
xanthic esters and alcoholic potassium hydroxide (p. 433}, and (2) from carbon 
oxysulphide and alcoholic potassium hydroxide (J. pr. Ch. [2] 73 , 242). It 
forms prisms, easily soluble in water and alcohol, and produces a white pre¬ 
cipitate with copper sulphate. With ethyl iodide its salt forms Thio-etkyl 
Carbonic Ethyl Ester, CjHgS.COOCjHg, b p. 15b®, which cah also be prepared from 
chlorocarbonic ester, ClCOOCjHg, and sodium or zinc mercaptidc. Alk.ilis decom¬ 
pose it into carbonate, alcohol and mercaptan (B. 19 , 1227). Thtodtcarbonic 
Ester, S(COOCgHg)g, b ii8^ is produced from chlorocarbonic ester and Na^S 
(J. pr Ch. [2] 71 , 278). 

2. Sulphooarbonlc Acid, Thion-carbonic Acid, HOCSOII Its ethyl ester, 
CS(O.CjHj)„ b.p. 161®, IS produced by the action of sodium alcoholate on 
thiocarbonyl chloride, CSCl*, and in the distillation of Sg(CbOC,Hg). It is an 
ethereal smelling liquid. With alcoholic ammonia the ester decomposes into 
alcohol and ammonium thiocyanate, CN.S.NH4. 

Sithiooarbonic Acids. 

3. Sithiooarbonio Acid, Carbon-diihiolic Add, CO(SH)2. The free 
acid is not known. 

The methyl b.p. 169*; ethyl ester, CO(S.C,H,),, b.p. 196*. * 

These result (1) when COCI, acts on the mercaptides: 

COCl, f aC^..SK=CO(S.C,H,),+2KCl; 

and (2) when thiocyanic esters 468) are heated with concentrated sulphuric 
acid: " , 

aCN.S.CH,+3H,0=.«;0(S.CH,).+C0,+2NH,. 

\ • 
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(3) from imido-dithio-carbonic ester (p. 450) and dilute hydrochloric acid (C. 
I905« I. 447): 

RN:C(SCH,),+H, 0 =OC{SCH,),+RNH,. 

They are liquids with an odour of garlic. Alcoholic ammonia decomposes 
them into urea and mercaptans: 

C 0 (S.C,H,),+ 2 NH,=-C 0 <^^J+ 2 C,H,.SH. 

/S—CH, 

Dithiocarbonic Eihylsnt Ester, CO^ | , m.p. 3x0*, is produced from 

CH, 

trithiocarbonic ethylene ester. 


4. Sulphothiocarbonic Acid, Thion-carbon-thiolic Acid, HO.CS.SH, 
does not exist free. The xanthates, R.O.C.SSMe, discovered by Zeise 
in 1824, are obtained from it. 

Tfie xanthates are produced by the interaction of CS2 and alkali 
hydroxides in alcoholic solution—e.g. potassium xanthate, consisting 
of yellow, silky needles^ which crystallize : 

CS,+KOH+C,H,.OH==C,H,OCSSK+H.O. 

Potassium Ethyl Xantnate. 

Cupric salts precipitate yellow copper salts from solutions of the 
alkali xanthates together with disulphides S2(CSOR)2 (comp. B. 88, 
2184; C. 1908, I. 1092). The acid owes its name, fai/^os, yellow, 
to this characteristic. By the action of alkyl iodides on the salts 
the esters are formed. 

The latter are liquids possessing an odour of garlic, and are not 
soluble in water. Ammonia decomposes them into mercaptans and 
esters of sulphocarbamic acid (p. 448): 

C,H,OCS.SC*H,H-NHs=C*H,OCS.NH, 4 -C.H 5 SH. 

Alkali alcoholates cause the production of mercaptan and alcohol, 
and salts of the alkyl thiocarbonic acids (p. 432) (B. 13 , 530): 

+CH.OK+H.O = +CO< 0 «*». 

Ethyl Xanthic Add, C,H,OCSSH, is a heavy liquid, not soluble in water. 
It decomposes at 25** into alcohol and CS,. 

StUphocarboxethyl Disulphide, (S.CS.O.C,Hj)j, m.p. 28®, is produced on 
adding a solution of iodine or copper salts to potassium xanthate (see above, 
and p. 274, for the formation of acetyl disulphide and the disulphides from the 
carbithionic acids). 

Ethyl Xanthate Ethyl Ester, C,H|.O.CS.S.C,H0. b.p. 200^, is a colourless oil 

Methyl Xanthic Ethyl Ester, CHaOCSSCjH, (C, 1906, II, 502), b.p. 184®, and 
Ethyl Xanthic Methyl Ester, C,H,.O.CS.S,CHs, b.p. 184®, are distinguished by 
their behaviour towards ammonia and sodium alcoholate (see above). 

Ethylene Xanthic Ester, C,H4(SCSOC,Hg),, is decomposed by alkalis into the 
cyclic trithiocarbonic ethylene ester (p. 434) and Bender*s. salt (p. 432) (B. 88, 
488). Ethyl Xanthic Formic Ester, C,H,OCS(SCOOC,H4), b.p. 133*, and Ethyl 
Xanthic Acetic Acid, C,H,OCS(SCH,COOH), m.p. 58®, are formed from a xanthate 
and chloroformic ester and chloroacetic ester respectively (J* pr. Ch. [2] 71 , 264), 

5. Trlthloearbonlc Add, CS(Sli),, is precipitated by hydrochloric acid as 
a T^dish-brqwn, oily liquid, from solutions of its alkali sdts, which are the 
products of interaction between carbon disulphide and alkali sulphide. It is 
insoluble in water and is very unstable. CS, and alkaline solutions of copper 
form well crystallizable double salts, CS,CuK, CS,Cu(NFl4) (B. 35 ,1x46). Other 
salts, such as CSg-Ba, see C. 1907. I. 539 ; J. pr. Ch. [2] 78 , 245. 

VOL. I.. 2 r 
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Th^ alkali salts of the trithiocarbonic acids, reacting with the corresponding 
halogen compound, give rise to the following esters: 

Trithiocarbonic Methyl Ester, CS(SCH,)|, b.p. 204-205®. 

Trithiocarbonic Ethyl Ester, CS(SCtH.)9, b.p. 240®, with decomposition. 

/SCH, 

• Trithiocarbonic Ethylene Ester, CS^ I , m.p. 39*5®, is converted by 

^SCH, 

oxidation with dilute nitric acid into Dithiocarhonic Ethylene Ester (p. 433) 
(A. 126 , 269). 

Trithiocarboxylic Diglycollic Acid, SC(SCH,COOn)g, m.p. 172®, is formed 
from potassium tiithiocarbonate and chloracetic acid. Oxidation converts it 
into Carbonyl Dithioacetic Acid, OC(SCH,COOII),, m.p. 150® (J. pr. Ch. [2] 
71,287). 

Chlorides of the Sulphoearbonlc Aelds: Thiophosgene, Thiocarhonyl Chloride, 
CSC 1 |, b.p. 73®, Ds 1*508, is produced when chlorine acts on carbon disulphide, 
and when the latter is heated with PCl^ in closed tubes to 200®: 

CSj+PCl*=CSa,-|-PCl,S. 

It is most readily obtained by reducing perchloromethyl mercaptan, CSCI4 
(below), with stannous chloride, or tin and hydrochloric acid (B. 20, 2380; 
21 , 102 ): 

CSCl4+SnClj=CSCl, l-SnCI*. 

This is the method employed for its production in large quantities. 

It is a pungent, red-coloured liquid, insoluble in water. On standing exposed 
to sunlight it is converted into a polymeric, crystalline compound, CsSgCl4 
=CI.CS.S CClj, methyl perchlorodxihioformate, m.p. 116°, which at 180® reverts 
to the liquid body (B. 26 , R. 600). Water decomposes thiophosgene into CO, 
HjS and 2HCI, whilst ammonia converts it into ammonium thiocyanate (p. 4O7). 

Thiocarhonyl chloride converts secondary amines {i molecule) into dialkyl 
sulphocarbamic chlorides: 

csci,+nh(c,h,;c,h,=ci.csU<^j2j+hci. 

A second molecule of the amine produces tctra-a'kylic thioureas (B. 21 , 102). 

Phosgene and thiophosgene, when acted on by alcohols and mercaptans, 
yield sulphur derivatives of cHlorocarbonic ester. 


Chlorocarbon-thiolic Ethyl Ester . • 

Chloroihioncarbonic Ethyl Ester . • 

Chloroditkiocarbonic Ethyl Ester . 
Perchlorodithiocarbonic Methyl Ester 


. Cl rose .Hg 
. CLCSOCallg 

. Cl.CSSCgHg, b p.,4 90® (B. 86 , 3377) 
. CI.CSSCCI4 (see above, thiophosgene) 
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Perchloromethyl Mercaptan, CCI4.SCI, b.p. 147®, results from the action of 
chlorine on CS,. It is a bright yellow liquid. Stannous chloride reduces it 
to thiophosgene. Nitric acid oxidizes it to 

Trichloromethyl Sulphomc Chloride, CCli.SOjCl, m.p. 135®, b.p. 170®, which 
can also be made by the action of moist chlorine on CS,. It is insoluble in 
water, but dissolves readily in alcohol and ether. Its odour is like that of 
camphor, and excites tears. Water changes the chloride 'o 

Trichloromethyl Sxilpkonic Acid, CClj-SOaH+HjO, consisting of deliquescent 
crystals. By reduction it yields CHCl^.SOiH, dichloromcthyl sulphonic acid, 
CH4CI.SO4H, monochloromethyl sulphonic acid, and CHj.SOjH (P.X46). 

Dibromomethane Diethyl Sulphone, CBraCSOjCaHBla, m p. 131®. and diethyl- 
snlphone ditodowethane, ClaCSOaCall^la, m.p. 17O®, are formed when bromine ' 
acts on the potaseium salt of methane, diethylsulphone, and iodine in 
potassium iodide, or iodine alone (B. 80 , 487)- 

Potassium Di-iodomeihane Disulphonaie, Cl4(S04K)j, and Potassium lodo- 
methane Disulphonaie, CHI(S03K)j, are produced when potassium diazomethane 
disulphonate is decomposed with iodine and with hydrogen iodide. Sodium 
amalgam reduces both bodies to methylene disu^honic acid (p. 210). 

Potassium Methanol Trisulphonale, H0.C(^4K)4.H|0, results when the 
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addition prodtict of acid potassium sulphite and potassium diazomethane diaul- 
phonate is boiled with hydrochloric acid. A similar treatment of potMSiiim 
sulph-hydrazimethylene trisulphonate will also yield it (B. 29 , sxdx). 

V AMIDE DERIVATIVES OF CARBONIC ACID 

Carbonic acid forms amides which are perfectly analogous to those 
of a dibasic acid—oxalic acid (p. 480): 


Co<^NHg 

Carbamic Acid. 

Urethaoe, 
Carbamic Ester. 

CO<pj*** 

Urea Chloride, 
Carbamic CblMlda. 

Co<NH, 

Urea, 

Carbamide. 

CONHg 

1 

CONH, 

1 

CO 0 C .Hg 
Ozamethane, 
Ozamic Ebter. 


CO.NHg 

1 

CO.NHg 

Ozamido. 

COOH 

Oxamic Acid. 



Carbamic Acid, Amidoformic Acid, H2N.COOH, is not known in a 
free state. Its ammonium salt is contained 111 commercial ammonium 
carbonate, when this is prepared by the direct union of two molecules 
of ammonia with one of carbon dioxide. It is a white mass which 
breaks up at 60® into 2NH3 and CO2, which combine again upon cooling. 
By the absoiption of water it changes into ammonium carbonate. 
When ammonium carbamate is healed to 130-140° in sealed tubes, 
water is withdrawn and urea, CO(NH2)2, formed. For other sedts 
of carbamic acid, see J. pr. Ch. [2] 16 , 180, 

The esters of carbamic acid are called urethanes; these are obtained 
(i) by the action of ammonia at ordinary temperatures on carbonic 
esters; 

C»H 50 .CO.OC,H,+NH,=C,H»O.CO.NH,+C,H,OH; 

and (2) in the same manner from the esters of chlorocarbonic and 
cyanocarbonic acids: 

C,Hat)CO.Cl+2NH,=CjH,OCO.NH,4-NH4Cl. 

C,H,OCO.CN+2 NH,=:C,HjOCO.NHj+CN.NH4 . 

Also (3) by conducting cyanogen chloride into the alcohols : 

N:CC14-2C4Hb.OH=HjN.COOC.H,+C,H4C1 ; 

(^) by the direct union of cyanic acid with the alcohols • 

NH:C 0 +CjH 5 . 0 H=H*N.C 00 C.Hg. 

When an excess of cyanic acid is employed, allophanic esters are also produced 
(p. 444) * and (5) from urea chloride and the alcohols. 

The urethanes are crystalline, volatile bodies, soluble in alcohol, ether and 
water. Sodium acts on their ethereal solution with the evolution of hydrogen ; 
in the case of urethane it is probable that sodium urethane, NHNa.COOCgHg or 
NH: C(ONa)OCgHg (B. 23 , -27S5), is produced. Alkalis d^ompose them into 
COg, ammonia and alcohols. They yield urea when heated with ammonia: 

HgNCO.OCtHg+NH*=H,NCO.NHg+C,HgOH. 

Conversely, on heating urea or its nitrate with alcohols, the urethanes are 
regenerated (C. i9c)o, II. 997). 

Urethane, Carbamic Ethyl EsUr, NHjCOgCgHg, m.p. l^'P* crys- 

taUizes in plates; methyl ester, m.p. 50® b.p. X77*; propyl ester, m.p. 53% 
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b.p. 1^5* Urethane is successfully employed as a soporific; but is surpassed 
in this characteristic by higher esters, such as methyl propyl carbinol urethane, 
hedonal, NH,COOCH(CH,)(C,H,), m.p. 76®. b.p. 215® (C. 1900, I. 1208; II. 
997 ; 1901, I. 1302); allyl ester, NHaCOOCjH,, m.p. 21®, b.p. 204®. 

Acetyl Urethane, CH,CO.NHCO,C,Hb, m.p. 78®, b.p.,, 130®, is obtained from 
acetyl chloride and urethane. Hydrogen in it can be replaced by sodium. Alkyl 
iodides acting on the sodium compound produce alkyl acetyl urethanes (B. 25 , 
R. 640). When heated to 150® with urea, acetyl urethane passes into aceto- 
guanamide, or methyl dioxytriazine, and with hydrazine it yields the triazolones 
(A. 288 , 318). 

Chlor- and brom-acetyl Urethane, a-Bromopropionyl Urethane, etc., result irom 
the action of sodium urethane on halogen fatty acid esters (B. 38 ,297). 

Aminojormyl Glvcollic Ester, NHaCO.OCHaCOaCalls, m.p. 61°, and A mum 
formyl Lactic Ester, m.p. 65®, are obtained from the corresponding chloro-com- 
pounds (p. 430). 

The esters of these alkylated carbamic acids are formed, like the 
urethanes, by (i) the action of carbonic or (2) chlorocarbonic esters 
on amines; and (3) on heating isocyanic esters (p. 461) with the 
alcohols to 100®: 

C 0 :NC,H,+C,H 50 H =C,H,NH.COOC,H,. 


also (4) by the interaction of the chlorides of alkyl urea and the alco¬ 
hols ; (5) when alcohols act on acid azides (p, iho). 

RCONs+CjHjOH-RNHCOOCJIj+N,. 

Methyl Carbamic Ethyl Ester, CH,.HNCOOC,H,, b.p. 170® (B. 28 , 855; 23 , 
2785). Ctui also be prepared from sodium urethane iodomethane. 

Ethyl Carbamic Ethyl Ester, CjlljllNCOOCjHj, b.p. 175®. 

Ethylene Urethane, CjUjOCONHCHjClIjNHCOOCjH,, m.p, 113^, is formed 
from ethylene diamine and ClCO,C,H, ( B. 24 , 2268). 

Hydroxyethyl Carbamic Anhydride, OCH,CH,.NHCO, m.p, 90®, is prepared 
from brom-ethylamine hydrobromide, and silver or sodium carbonate ( 13 . 30 , 

2494)- 

Alkylldene Urethanes and Dlurethanes. Hydroxymethyl Urethane, HOCH,.- 
NHCOaCjHj. is prepared from glycolUc acid azide and alcohol ( 13 . 34 , 2795). 
Methylene Dturethane, CH,(N1IC08C3H5)2, m.p. 131®, is produced from urethane, 
tormaldehyde, and a little hydrochloric acid, and when heated witli more acid 
and acetic anhydride there is formed anhydroformaldchyde urethane, (CH,, 
NCOjC,Hb)i, m.p. 102® (B. 88, 2206). 

Ethylidene Diurethane, CH8ClI(nNCOOC,H5),, m.p. 126®, is prepared from 
urethane and acetaldehyde ; it crystallizes in shining needles (B. 24 , 2268). 

Chloral Urethane, CCl,.CH(OH)NHCO,CaHB, m.p. 103®, is formed from 
urethane and chloral. Acid anhydrides convert it into Trichlorethylidene Urethane, 
CClj.CH : NCOOCjHj, m.p. 143° (B. 27 , 1248). 

Diureikane^ Glyoxyhc Acid, (C,HbOCONH),CHCO,H, m.p. 160® ; ethyl 
ester, m.p. 143®; is prepared from glyoxylic ester, urethane and hydrochloric acid 
(C. 1906, II. 59«]., 

Carbamic Acid^rivatives of the Aminocarboxyltc Acuis and Peptides are of 
importance in the 'identification and synthesis of the latter bodies (p. 391), 
(i) Their Ca and 13 a\salts are obtained from the amino-acids in solutions of 
the alkali earths by i^he passage of CO, as more or less soluble crystalline 
precipitates; \ 

CH.NhV CHj.NH.CO 

I VBa(OH),+CO,- >\ I 

COOH \ CO,Ba—O 

They readily decompose, r^toming the amino-acid (B. 39 , 397 ; C. 1908, 

I. X287). '' \ 


A. <207;. ' I 

(2) Esters are prepared from \^orocarbonic 
of amino-aetds or their esters. ^ 


esters and alkaline solutions 
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Cafhox$thyl GiycinB, Vfi’koM Acetic Acid, CgH«O.CONHCHtCOOH, m.p^ 
75*: ethyi est$r^ m.p. 28", b.p.i* 126®. 

Carbomethoxy Glycine, CHsOCONHCHgCOgH. m.p. ; ethyl ester, b-p.^s 
128®. Thionyl chloride converts these acids into unstable chlorides, ROCONH- 
CHaCOCl, which, on warming, give ofiF chloro-alhyl and are changed into glycine 
anhydride: _ 

CH,OCONHCH,COCl->- icONHCH.do. 

The anhydride, treated with icc-cold barium hydroxide solution, yields the 
same compound as is obtained from the barium hydroxide solution of glycine 
when treated with CO,. The anhydride on being heated loses CO, and 
polymerizes to glycine a nh ydride, (NHCH,CO)« (B. 39 , 857). Leucine Carbonic 

Ankvdride, OCONHCH(C,H,)C: 0 , m.p. 49* (B. «, 1725). 

Carboxethyl Alanine. C,H,OCONHCH(CH,)COOH, m.p. 84*; ethyl esUr. 
b.p.,, 123® (A. 340 , 127). 

Oarboxyethyl Glycyl Glycine Ester, C,H,OCO,NHCH,CONHCH,COOC,H,, 
m.p. 87®, is obtained from glycyl glycine ester (p. 392) and ClCO,R; or from 
carboxyethyl glycine chloride (see above) and glycine ester. Hydrolysis libemtcs 
the free, dibasic ^-Glycyl Qiycxne Carboxylic Acid, m.p. 208®, with decomposition. 
The remarkable solubility of this compound points to its being a ring compound 

NH--CH,v 

of the formula I ^»NHC,.COOH. It yields a dtWAy/esfsr, m.p. 

(HO),C-0/ 

149®, isomeric with the original carboxethyl glycyl glycine ester, and a stable 
Ba salt, which is different from the unstable salt of the true glycyl glycine acid, 
prepared from glycyl glycine barium hydroxide and CO, ( 13 . 40 , 3235). 

Diglycyl Glycine Carboxylic Acid and Triglycyl Glycine Carboxylic Acid behave 
similarly (B. 36 , 2094). 

Nttroso~ and Nitro-urethanes are of interest, partly on account of their con¬ 
nection wit^ the dtaxo- bodies (pp. 169. 213), with nitramxde and other compounds. 

Nttrosocarbamic Methyl Ester, NO NHCO,CH3, m.p. 61® (A, 302 , 251), 
Nitrosourethane, NO.NHCO,C,H,, m.p. 51®, with decomposition, is formed by 
reduction of ammonium nitro-urcthane with glacial acetic acid and zinc dust 
(A. 283 , 304). The salts of these esters probably possess the formula HO.N 
NCO,R (B. 32 , ^148 ; 35 , 1148) 

Methyl Nitrosourethane, ON.N(CH,)CO,C,H,, is prepared from methyl 
urethane and nitrous acid. It is a liquid, which with alkalis yields diazo¬ 
methane (p. 213) with the intermediate formation of CH, N; NOK. 

Nitrocarbamtc Methyl Ester, NOj.NHCOjCH,, m.p. 88® (A. 802 , 249). Nitro~ 
urethane, NOa.NIICOiCglln, m p. 64®, results from the action of ethyl nitrate 
on a cold solution of uretham' in concentrated sulphuric acid. It is easily soluble 
in water, very easily in ether and alcohol, but with great difficulty in ligroin. 
It shows a strongly acid reaction, whilst its salts are neutral: Ammonium nitro’ 
urethane, NO,N(NH4)CO,C,n5; potassium mtroureihane, NO,NK.CO,C,H, 
(A. 288 , 267). Nitrocarbamtc Acid, NO,.NH.CO,H, liberated from its potassium 
salt by sulphuric acid at 0°, decomposes into CO, and NUramide, NO-NH,, m.p. 
72-85°. This is isolated by means of ether. Potassium Nitrocarbamate, 
NOjNTlCOjK, results when potassium nitrourethane is treated with potassium 
hydroxide in methyl alcohol. It crystallizes in fine white needles. 

Methyl Nitrourethane, NO,.N(CH,)CO,C,H5, is formed Irom silver nitro- 
iirethane and iodomethane; also from methyl urethane. It is a colourless, 
pl^' i-^antly-smelling oil. It is decomposed by ammonia into methyl nitramine 
(p. Ib 9 ). 


Urea Chlorides, Carbamic Acid Chlorides, are *produced by the 
interaction of phosgene gas and ammonium chloride at 400® ; by action 
of COCI2 on the hydrochlorides of the primary amines at 260-270®, 
and also on the secondary amines in benzene solution (B. 20 , 858; 

21, R. 293): 

QOClgH-NH..HCl-ClCONH3+2HCL 
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OrM Chloridt, Cofbamic Acid Chloride, Chlorocavhonic Amide, Cl.CONHs» 
m.p. 50", b.p. 61-62*, when it dissociates into hydrochloric acid and isocyanic 
acid, HNCO. The latter partly pol3nnerizes to cyamelide. Urea chloride under¬ 
goes a like change on standing. 

Methyl Carbamyl Chlortde, ClCONH.CHs, m.p. 90*, b.p. 94*. Ethyl Urea 
Chloride, CICONH.C.H., bp. 92*. 

These compounds boil apparently without decomposition, yet they suffer 
dissociation into hydrochloric acid and isocyanic acid esters, which reunite on 
cooling: 

C0HCH,H-HC1=C1.C0NH.CH3. 

Dimethyl Urea Chloride, Cl.CON(CHj)*, b.p. 167*0. (see Tetramcthyloxamide). 

Diethyl Urea Chloride, Cl.CON(C,H#)i, b.p. 190-195*, is obtained from 
diethyl oxamic acid by means of PCI5. 

Reactions. —(i) The urea chlorides are decomposed by water into CO^ and 
ammonium chloride. (2) They yield urethanes with alcohols. (3) With amines 
they form alkyhc ureas : 

H,NCOCl+2C,H,.NH,=H,NCONHC,Hg-!-C,HjNH,.HCl. 

Nucleus-synthetic reactions : (4) With benzene and phenol ethers ki the presence 
of AlCl. they yield acid amides : * 

Aia, 

ClCO.NH,+C,H,- > C,HbCONH,+HC 1. 

Carbamide^ Urea, was discovered by v. 

Rouelle in urine in 1773, and was first synthesized from ammonium 
isocyanate by Wohler in 1828 {Pogg, A. (1825) 3 , 177; (1828) 
12 , 253). This brilliant discovery showed that organic as well 
as inorganic compounds could be built up artificially from tlieir 
elements (p. i). It occurs in various animal fluids, chiefly in the 
urine of mammals, and can be separated as nitrate from concentrated 
urine on the addition of nitric acid. It is present in small quantities 
in the urine of birds and reptiles. A full-grown man voids upon an 
average about 30 grams of urea daily. The formation of this substance 
is due to the decomposition of proteins. It may be prepared arti¬ 
ficially : (i) by evaporating the aqueous solution of ammonium iso¬ 
cyanate, when an atomic transposition occurs lJ^Qhler \: 

C0:N.NH4->-CO(NH.),. 

Mixed aqueous solutions of potast&ium cyanate and ammonium sulphate (in 
equivalent quantities) are evaporated ; on cooling, potassium sulphate crystallizes 
out and is filtered off. the filtrate being evaporated to diyness. and the urea 
extracted by means of hot alcohol. This is also a reversible process. On heating 
An urea solution for some time to 100®, four to five per cent, of the urea will be 
changed to ammonium cyanatc (B. 29. R. 829 ; C. 19031 1- 139)- 

(2) When a solution of carbon monoxide in ammomacal cuprous chloride 
solution is heated, copper is precipitated and urea is formed (C. 1899, 1. 422): 

CO-l-2NH,+Cu,Cl,«CO{NH,),-f2HCl + 2Cu. 

It is also formed by the methods in general use in the preparation 
of acid amides: (3) by the action of ammonia (a) on carbamic 
esters or urethanq^, (6) on dialkyl or diphenyl carbonic esters (B. 
17 , 1826), and (c) on chlorocarbonic esters. The bodies mentioned 
under b and ^ first change to carbamic esters: 

NHa.COgC.H,+ NH,=NH,CONH,-bC,H,OH 
CO(OCgH,)j-l-2NH8=NH,CONH,+2C,H,OH 

CO(OC8H|)|4'2NH8»NH8CONHa+2C8H|OH (method of preparation) 
OCOaCaH* +3NH,-NHaCONHi+CaHaOH-fNH*a 



«• 


f- 

i 
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(4) By the action of anunonia on phosgene and urea chloride: 

COCl,+4NH,==CO(NH,).+2NH4a 

C1C0NH,+3NH,=C0(NH,),+NH4U. 

(5) By heating ammonium carbamate or thiocarbamate to 130- 
140°. 

The two following methods of formation show the genetic relation 
of urea with thiourea, cyanamide and guanidine : 

(6) Potassium permanganate oxidizes thiourea to urea. (7) Small 
quantities of acids convert cyanamide into urea: 

CNNHa+H,0=CO{NH,),. 

(8) Urea is formed when guanidine is boiled with dilute sulphuric 
add or barium hydroxide solution : 

NH:C(NH,),+H,0=CO(NH,)j+NHg. 

Urea crystallizes in long, rhombic prisms or needles, which have a 
cooling taste, like that t)f potassium nitrate. It can be easily obtained 
pure by one rccrystallization from amyl alcohol (B. 26 , 2443). It 
dissolves in one part of cold water and in five parts of alcohol, and it 
is almost insoluble in ether. At high tempeiatures it decomposes 

(1) into ammonia, ammelide (p, 473), biuret (p. 445) andcyanuric acid. 

(2) When urea is heated above 100° with water, or when boiled with 
alkalis or acids, it decomposes into carbon dioxide and ammonia. 
The same decomposition occurs in the natural decomposition of urine. 

(3) Nitrous acid decomposes urea, in the same manner that it 
decomposes all other amides: 

CO{Nn,),-fN,Os-CO.+2Nj+2NgO. 

(4) An alkali hypobromite decomposes urea into nitrogen, carbon 
dioxide and water. If, however, urea is treated with NOChsolution 
in presence of benzaldchyde, the Hofmann transformation takes place 
(comp, carboxylic amides, pp. 160, 276), and there results hydrazine 
carboxylic acid (p.-1) or hydrazine as a benzal derivative; 

NHgCONH.+NaClO+C.HfiCHO - > C,HgCH:N.NHCOOH+NaCl+HgO. 

Salts : Urea, like glycocoll, forms crystalline compounds with acids, bases 
and salts. Although it is a diamide it combines with but one equivalent of 
acid, whereby one only of the amido>groups is neutralized by the at id radical. 

Urea Nitrate, CO(NH2)a IINOj, forms leaf-hke crystals, which are not very 
soluble in nitric acid. The oxalate, [CO(NHa)Jj(CO,H),, consists of thin leaflets, 
which are soluble in. water. 

On evaporating a solution containing both urea and sodium chloride, the 
compound, C0(NHa)g.NaCl+H80, separates in shining prisms. 

" The extent of the decomposition of proteins in the animal body 
is one of the most fimdamental questions of physiology." Urea is 
by far the most predominant of the nitrogenous decomposition pro¬ 
ducts of proteins in mammalia and batrachia. Its accurate deter¬ 
mination is, therefore, of the utmost importance. % 

The Kjeldahl^Wilfarth method is the best adapted for the estimation of 
nitrogen in the products of the metabolism. The method of Liebig may also be 
used for the determination of urea, which consists in titrating in neutral solution 
with mercuric nitrate (see B. 89 » 705), when a precipitate, consisting of a mixture 
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of double compounds of carbamide and mercuric nitrate, separates, together 
with the simultaneous liberation of nitric acid. The Knop~HUfner method 
consists in decomposing the urea with sodium hypobromite (see above). PflUger 
and his students have critically examined all me^ods suggested for this purpose 
(comp. Arch. f. d. ges. Phys. 21, 248 ; .85, 199 ; 86,101, etc.). 

Alkyl Ureas are produced according to the same reactions which yield urea 

(i) when primary or secondary amines act on isocyanic esters or isocyanic 
acid: 

CO:NH -f NH,.C,H,=-NH,CONHC,H, 

Ethyl Urea. 

CO=NC,H,+NH(C,Ha),=N(C,H|^)2C'ONHC,H,. 

Triethyl Urea. 


Alkyl ureas are formed, also, when isocyanic esters arc heated with water 
—COj, and amines being produced (p. 462); the latter unite with the esters : 

HjO CONC,H, 

CO=NC,H, - > CO,+NH,C,H, -> CO(NHC,Hb),. 

(2) They are also obtained by the action of urea chloride and alkyl-urea 
chlorides on ammonia, and primary and secondary amines (p. 437), as well as 
by the action of phosgene on the latter. 

(3) By the action of alkali hydroxides on the ur^des, the urea derivatives 
containing acid radicals : 

CHs.NHCONH.COCH,-fKOH=CH8.NHCONH,-l-CHjCO,K. 

Methyl Acetyl Urea. Methyl Urea. 


(4) By desulphurizing the alkyl thioureas with an alcoholic silver nitrate 
solution (B. 28, R. 915). 

Ureas of this class are perfectly analogous to ordinary urea so far as pro¬ 
perties and reactions are concerned. They generally form salts with one equiva¬ 
lent of acid. They are crystalline salts, with the exception of those ‘containing 
four alkyl groups. On heating those with one alkyl group, cyanic acid (or cyanuric 
acid) and an amine are produced. The higher alkylated members can be distilled 
without decomposition. Boiling alkalis convert them all into CO, and amines : 

CH,NH.C0NH,H-H,0=C0,4'NH,-f-NH,.CH,. 


Methyl Urea, CH,.NHCONH,, m.p. 102*, results on heating methyl aceto- 
urca (from acetamide by the action of bromine and potassium hydroxide) with 
potassium hydroxide. 

Ethyl Urea, CJlg.NHCONH,, m.p. 92“. 

a-Diethyl Urea, CO(NH.C,Hb)„ m.p. 112®, b.p. 263®. 

p Dtethyl Urea, (C,H,)aNCONU„ m.p. 70®. 

Trieihyl Urea, (CjHjIjNCONHCjHb, m.p. 63®, b.p. 223*. 

Tetraethyl Urea, b.p. 210-215®, has an odour resembling that of 
peppermint. 

Tetrapropyl Urea, b.p. 258® (B. 28, R. 155). 

Allyl Urea, CbH.NHCONH*, m.p. 85®, is converted by hydrogen bromide 

CH,.CH-O 

into propylene-ip-urea (p. 446), | >C:NH (B. 22,2990; C. 1898, II. 766). 

CHa—NH 

Olsllyl Urea, Smapoline, CO(NH.CaHB)„ m.p. 100®, is formed when allyl 
isocyanic ester is heatM with water, or by heating mustard oil with water and 
lead oxide. Diallyl th%6urea is first formed, but the lead oxide desulphurizes it 
(P- 452). ' \ 

Carbamido-ethyl Alcohol, HOCHaCHa.NHCONH,, m.p. 95®, is obtained from 
hydroxyethylamine i&cyanat^ or 2-amino-ethanol (B. 28, R. 1010). 

\ 

Cyclio Alkylene TTrea Derivatives. 

The ureas and aldehydes co'lffibine at the ordinary temperature, 
with loss of water, to }deld the f(^owing compounds : 
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MelhyUn* Urea, CO<!^^^CH|, consists oi white, granular crystals (B. 29 , 
*751 : C. 1897, II. 736). 

Ethylidene Urea, CO<^|^>CHCH,, m.p. 154“, is decomposed, by boiling, 

into its component parts. VVhm HCl gas is passed into a mixture of acetone 
and urea, there is formed iriacetone diurca^ (CH*)jC[NHCON:C(CH,),],+3HiO. 
m.p, 265-268® with decomposition (B. 84 , 2185). 

’Ethylene Urea, isomeric with ethylidene urea, is 

produced on heating ethyl carbonate with ethylene diamine at x8o®. 
It is also formed, together with hydantoln (p. 442), when patabanic acid or 
oxalylurca is electroh’tically reduced (B. 84 , 3286). 

Nitric acid produces ethylene dinitrourea. The union of ethylene diamine 
and hydrocyanic acid, however, gives rise to ethylene diurea, NHjCONH.CH*- 
CHaNHCONH,. 

Trimethylene Urea, m.p. 260®, is obtained from ethyl 

carbonate and trimcthylenc diamine; or by the electrolytic reduction of 
barbituric acid and related compounds (see Malonyl Urea;. Similarly, 
the reduction of methyV uracil (p. 416) produces methyl tvimethylene urea, 

CH,<cn™NH>co. m.p. 201® (B. 33 , 3378 ; 34 , 32S6). 

Very little is known relative to the action of urea on dialdehydes, aldehyde- 
ketones, and diketones: Acctvlene Diurea, Glycoluril, CaH,N402f is obtaineti 
from giyoxal and urea, as well as by the reduction of allantofn (B. 19 , 2477). 

Nitric acid converts it into Dinitroglycoluril, Acetylene Dinitrodiureine, decom¬ 
poses at 217®, and when boiled with water passes into glycolureine, CaHgN^Ot. 
isomeric with hydantoic acid. 


^^^NU.CH.NH 

Glycoluril (?). 


>co. 


„^NH,Cn.N(N02)^PO 

Dinitroglycoluril. 


„^NH.CHOH 

Glycolureine. 


Consult li. 26 , R. 291, for the action of urea on acetyl acetone. 

Nitrosoureas arc formed when nitrites act on the nitrates or sulphates of 
ureas which contain an alkyl group in the amido group : 

Niirosn-metkyl Urea, NH2.CO.N(NO)CHj. Nitroso-a-diethyl Urea, NH(C|H,)- 
C0N(N0)C2H5, m.p. 5®, is a yellow oil at the ordinary temperature. The reduc¬ 
tion ot these compounds gives nse to the semicarbazides or hydrazine ureas, which 
yield alkyl hydrazines (p. 169) when they are decomposed. 

Nitrourea, NOj.NHCONlij. is produced when urea nitrate is introduced into 
concentrated sulphuric acid. It forms a white, crystalline powder when recrystal¬ 
lized from water. This molts at higher temperatures with decomposition. It 
is a strong acid ; its alkali salts arc neutral in reaction, and it expels acetic acid 
from acetates (A. 288 , 281). 

Nitro-ethyl Urea, NOj.NHCONH.CfHg, m.p. 130-131®. 


DERIVATIVES OF UREA WITH ORGANIC ACID RADICALSURElDES 

Tlie urea derivatives of the monobasic carboxylic acids are obtained 
by the action of acid chlorides or acid anhydrides on urea. By this 
procedure, however, it is possible to introduce but one radical. The 
compounds are solids ; they decompose when heat is applied to them, 
and do not form salts with acids. Alkalis cause them to separate 
into their components. * 

Formyl Urea, NHjCONH.CHO, m.p. 167® (B. 20 , 2046). 

Acetyl Urtfa, NHgCONH.COCHg, m.p. 218®, (A 229 , 30: C. 1898, II. x8t), is 
is not very soluble in cold water and alcohol. It forms long, silky needles. 
(Consult B. 28 , R. 63, for the metal derivatives of formyl and acetyl urea.) 
Heat breaks it up into acetamide and isocyanuric acid. Chloraceiyl Urea, 
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HaNCONH.COCHtCl, decomposes about x6o*. Bromac$tyl Urea, 
NH.COCH|Br, dissolves with difi&culty in water. When heated with 
ammonia it changes to hydaiitoln. The ureides of the dialkyl acetic acids, 
such as (C,Hft),CHCONHCONH„ m.p. 207", are also obtained from dialkyl 
malonic acid (p. 49X) and urea by means of phosphorus chloride, etc. (C. 1903, 
II. 813). 

Methyl Acetyl Urea, CHs.NHCONH.COCHj, m.p. 180®, is obtained from 
methyl urea upon digesting it with acetic anhydride ; and by the action of bromine 
and potassium hydroxide on acetamide (p. 159); 

zCH,CONH,+Br, = 

Diaceiyl Urea, CO(NH.COCH,)|, results when COClt acts on acetamide, and 
sublimes in the form of needles without decomposition. 


Urel'des of Hydroxyaoids.—Open and closed chain and ring- 
shaped or cyclic ureides are known. This is especially true of 
a-hydroxyacids, like glycollic, lactic, and a-hydroxyisobutyric acids. 
As the open-chain ureides are obtained from the closed-chain 
members by severing a lactam-union by means of alkalis or alkali 
earths: 


I 

^NH.CO 

Hydaotoln, 
Qosed-cbain Urelds 
oi GlycoUic Add. 


.NH.CH,.CO,H 

CO< 

^NH, 

Hydantoic Acid, 
Open-chain Uielde 
oi Glycollic Acid. 


HydantoYn, Glycolyl Urea, C8H402N2=to.NH.CH2.CO.NH, m.p. 

a /S Y < c 

2t6®, possesses the same series of C and N atoms as the glyoxalines or 
tniidazoles (p. 347), but the ring is less stable than the glyoxaline ring. 
It is prepared (i) by reduction, by means of hot hydriodic acid, of 
allantoin {q.v!) and alloxan {q^v,), both important oxidation products 
of urea. Also, by electrolytic reduction of parahanic acid (oxalyl urea) 
'(B. 84 ,3286). (2) It is synthetically produced from bromaceiyl urea (see 
aS^ve) by heating it with alcoholic ammonia, whereby it gives up 
hy 4 fobromic acid. (3) Also, by the action of urea on dihydroxy- 
tartaric acid (A. 254 , 258). (4) Finally, by evaporating a solution 

of h5?d^^toic acid ester (p. 443) with hydrochloric acid (method of 
prepara tiif?n). 


I2Z®. Bromine 


Chlorine 'produces dtchlorohydantotn, C|H)Cl202Ng, m.p. 
gives rise which easily changes into parabamc aetd (see above) 

(A. 327, 355; ^8, 83}. Concentrated nitric acid produces p~ntirohydantoin, 

; I 

c0.N(N02)CH,C0.iVH. m.p. 170®. which on being boiled with water evolves 
CO, and isconverted^dPt® “i^ro-amido-acetamide (B. 22, K 58). Onlythep-N H- 

group is substituted on P^Acetyl HydanMn, <toN(COCH,)CH,CO^H, 

m.p. 144®, is prepared hydantoln and acetic anhydride; it cannot be 

nitrated (A 827, 353)* \ 

When boiled with baiiurn''^ hydroxide solution hydantoto is converted into 
glycoluric acid or hydantoic aciJl^’ 

<!:O.NH.CH,.CO.l!rH^?.0-H,N.CONH.CH,.COOH. 

Hyd«ntole Aeld, Glycoluric Add 

frouk uric acid derivatives (alla^S^S. hydantoln), but may be 
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synthesized by heating area with glyc<^ll to X20^ by bmliag it with bariuD 
hydroxide solution (B. 89 » 2954), d^esting glycocoll sulphate with potassium 

isocyanate, analogous to urea (p. 438). 

Hydantolc acid is very soluble in hot water and alcohol. When heated with 
hydriodic acid it yields COa, NH, and glycocoll; ethyl ester, m.p. 135®, is easily 
obtained by the addition of potassium cyanate to glycocoll ester hydrochloride 
(B. 83 , 3418). It is also formed from glycine ester and sodium methane (B. 88, 

305). 

Hjdantoln Homologues*—For nomenclature, comp, the hydantofn formula 
(p. 442) and also A. 327 , 355. Hydantoin, iodo-alkyLs, and alkali give rise to 
9 -cUhyl hydantoins, m which the NH-group between the two CO-groups is 
alkylated (see i*lso B. 22 , 6S5 ; 25 , R. 327). 

The p’ulkyl hydantoins are formed when urea is fused together with mono- 
alkylic glycocolls. 

€~Methyl Hydantoin, CONHCHjCONCHj, m.p. 184®, is formed from silver 
hydantoin and iodomethane. Nitric acid converts it into p~Nitro~t-methyl 
Hydantoin, m p. 168® (A. 361 , <39)- s-Ethyl H ydantoin, m.p. 102®. 

p-Meihyl Hydaniodn, ip:N(Cll8).CHa.CO.NH, m.p. 157®, was first obtained 
from creatinine, and is also formed when sarcosine (p. 387) is heated with urea : 
or by heating the sarcosine with cyanogen chloride (B. 15 , 2iix). 

? 'Ethyl Hydantoin, m.p. 100®, sublimes readily, 
he y-Alkyl Hydantoins may be synthesized bv heating the cyanhydrins of 
the aldehydes and ketones (p. 379) with urea (see a-Phenyl Hydantoin, and B. 21 , 

23^0): 

XN XO.NH 

R.CH<: -fH.N.CO.NH8=R,CH< | -HNH,, 

NDH ^NH.CO 

a-Alkyl Hydantoin. 


a-Laetyl Urea, y-Mtf/AylHyduKfofn, t 0 .NH.CH(CH 8 )C 0 .fJH+H, 0 , m.p. 140- 
X45® (anhydrous) 1$ formed, together uith alanine from aldehyde ammonia by 
the action of potassium isocyanide containing potassium cyanide. Also, by 
the action of w<irm hydrochloric acid on a-Lacturamic Estef (a-carbamidopro- 
pionate), NIl2C'ONHCH(CHa}C02C jHj. m.p. q;®, the pioduct of alanine ester 
hydiochloride and potassium cyanatc. Lactyl urea when boiled with barium 
hydroxide solution yields lacturamic acid, m.p. 15 5®. With 2 molecules of 

bromine it is convert*ed into Bromopyruveide, BrCH:CNlICONHCO, m.p, 242®, 
which unites with excess of lactyl urea to form Pyfuvtc Vreide, C^H^NjOe. 
yp-Dtmeihyl Hvdantoin, m.-p. 221®, and y^-Methyl Ethyl Hydantoin, m.p. 85®. is 
prepared from N-methyl alanine and N-ethyl alanine respectively, potassium 
cyanate, and hydiochloiic a-id. y-Ethyl Hydantoin, m.p. 118®, is obtained from 
a-aminobutyric acid (A. 848 , 50). y-Isobutyl Hydantoin, m.p. 210®. Isohutyl 
Hydantoic Actd is prepared from leucine, urea, and baiium hydroxide solution; 
it is employed in the identification of leucine on account of its slight solubiUty 
(p. 389) (B. 89 ,2953). _ 


a-Isobutyryl Urea, yDimeihyl Hydantoin, CONH.C(CH^)3CONH, m.p. 175®, is 
produc^ from acetone, hydrocyanic acid, and cyanic add (A. 164 , 264); also 
from pinacolyl sulphourea (p. 452) and KMnO^, a-Carbim‘tdo%stbuiyrtc Acid, 
NHaCO.NHCJCHalaCOOH, m.p. 155-160® ; both these substances are uretde? 
of a-hydroxyisobutyric acid. 

y-Dialkyl Hydantoins, s.g. y-Diethvl Hydantoin, m.p. 165^ can also be prepared 
from cyanacetamide, by converting the latter into diethyr cyanacetanude, and 
treating this with bromine and alkali solution (Gaz. Chim. ital, 26 , 1 .197) * 


XONH, 

(C.H.),C<( 

XN 

Diethyl Cyaneeet- 
eiaiae. 


XONH, 

^N:CO 

Intermediate 

product. 


XONH 

^ ^NHCO 

Diethyl Hydrateta, 
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i 3 3 

CH,—KII—CO 

d-Laetyl Utea, Hydrouracih C4H«N,0|»| | . m.p. 275*. » 

CH,—CO—NH 
5 ^ . 

obtained similarly to diethyl hydantolii, by treating succinic diamide with 

CH,.CO.NH, 

bromine and alkali, through an unstable intermediate product, | 

CH,N;CO 

It has been obtained by several other metliods. It results, together with tri¬ 
methylene urea, from the electrolytic reduction of barbituric acid (malonyl urea), 
of dialuric acid (tartroiiyl urea), and of uramil (aminomalonyl urea) (B, 34 , 
3286). Further, by heating acrylic acid with urea at 210-220®. and trom 
^-aminopropionic acid and cyanic acid (B. 38 , 635). yMethyl Hydrouracilt 
(CH,)C4H,N,0,, m.p. 265®. and ^-Methyl Hydrouracil, lu.p. 220®. are similarly 
prepar^ by heating urea with methyl acrylic acid and crotoiiic acid. 4-Methyl 
hydrouracil is also produced from ^-aminobutyric acid and urea, and from 
/ 3 -aminobutyric ester and cyanic acid. 

Bromine in glacial acetic acid yields drowo-derivatives of hydrouracil, which 
easily give up HBr, and are converted into uracils (B. 34 , 3751, 4129 ; 38 , 636). 

The uracils or ureides of ) 5 -aldehydo- and keto-carboxylic acids, together 
with those of glyoxylic, oxalic, malonic, tartronic, anti mesoxalic acids, will be 
considered later in connection with uric acid. 

Dl- and Trl-carboxylamlde Derivatives. Ureides of Carbonic Acid .—Free 
dicarbamidic or imidodicarbonic acid and the free tricarbamic acids or nitrogen 
tricarboxylic acids are as unstable as free carbaminic acid itself (p. 435); but 
the esters, amides, and nitriles of these acids are known. They sustain the same 
relation to carbamic acid that diglycolamidic acid bears to glycocoll: 


NH*.CH,CO,H 


Aminoacetic Acid. 

(NHjCOOH) 

Carbamic Acid. 


jCOjH 
jCOjH 

Iminodiacetic Acid. 


NHC^H 


Dicarbimidic Acid, 
Iminodirarboxylic Acid. 


/CHjCOOH 
Nf CU,( OOH 

X H2COOH 
Nitrilotriacetic Acid. 

/CO3U 
W'OjH 

Tricarbamidic Acid, 
Nitnloiucarboxylic Acid. 




Dicarbamidic Ester, Imidodicarboxylic Estery NJI(C02C2H5)2, m.p. 
50°, b.p. 215®, results when CICO2C2H5 acts on 2 molecules of 
sodium urethane ; from nitrogen tricarboxylic ester by decomposition 
with alkali; and from carboxethyl isocyanate (p. 403) and alcohol. 
The ester jdelds a sodium salty NaN(C02R)2' more readily than 
urethane and acetyl urethane (p. 436) (B. 36 , 736 ; 39 , 686). 

Allophanfc Acid, NIIjCONH.COjlI. is not known in a free state. A 
disodxum salt of this acid, NH,CON{Na)COaNa, appears to be formed when a 
benzene solution of urethane is boiled in the presence of sodium (B. 35 , 779). Its 
esters are formed (i) when chlorocarboxylic esters (i mol.) act on urea (2 mols.) 
(B. 29 , R. 589); (2) by passing cyanic acid vapours into anhydrous alcohols 
(p. 461). At first carbamic acid esters are produced ; those combine with a 
second molecule of cyanic acid and yield allophanic esters (B. 22, 1572): 

HNC04-NH|.C0aCjH,=NHaC0NH.C0,CjHj. 

From carbamic esters,or urethanes {3) by the action of urea chloride (B. 21 , 293); 
(4) carbonyl chloride (B. 19 , 2344) or (5) with thionyl chloride (B. 26 , 2172); 

2NH,CO,C,H5-|-SC)Cl,=NH,CONH.CO,C*H4+HClH-SO,-f-C,H5Cl. 

For the formation of allophanic esters by decomposition of a-hydroxy-acid 
asides (see B, 84 , 2794), Nitrogen tricarboxylic ester and also carboxyethyl 
isocyanate (pp. 445,463) with ammonia, yield allophanic ester (B. 89 , 686). 
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AUophanic Ethyl Ester, NHflCONHCOaCjHg. m.p. xgi*; propyl ssUr, m.p. 
155® : amyl ester, m.p. 162". 

The allophanic e^ers dissolve with diiBculty in water, and, when heated, 
split up into alcohol, ammonia, and cyanuric acid. The allophanates are obtained 
from them by means of the alkalis or barium hydroxide solution. They show 
an alkaline reaction and are decomposed by carlmn dioxide. On attempting to 
free the acid by means of mineral acids, it at once breaks up into CO, and urea. 

Cyanamidocarbonic Acid, Cyanocarbamic Acid, CN.NHCO,H, is the corre- 
spondmg nilnle acid of allophanic acid. Its salts are formed by the addition 
of CO, to salts of cyanamide (A. 331 , 270): 

2CN.NHNa-|-CO,=NC.N:C(ONa),+CN.NH,. 

The esters of this acid result by the action of alcoholic potassium hydroxide 
on esters of cyanamidodicarboxyhc acid. 

Biuret, Allophanamide, NHC 0 NH,C 0 NH,+H, 0 , m.p. 190® (anhydrous), is 
formed on heating the allophanic esters with ammonia to zoo®, or urea to 
15c 160®; 

NH,CONH,-NH,CO.NH.CONH,+NH,. 


It is readily soluble in alcohol and water, and decomposes, when heated, into 
NH, and cyanuric acid. Heated in a current of HCl, biuret decomposes into 
NH,, CO,, cyanuric acid, urea, and guanidine. The aqueous solution, con¬ 
taining KOH, IS coloured a violet red by copper sulphate. (The biuret reaction : 
C. 1898, I. 375 ; B. 35 , 1105 ; A. 352 , 73.) 

Mononttrobiuret, NII,CO.NH.CO.NH.N02» m.p. 105® with decomposition, 
is converted by hydrochloric acid and zinc dust into Aminobiuret, the hydro¬ 
chloride of which when boiled with water gives umzole (p. 448), and when treated 
with sodium nitrite yields Allophanic Acid Aside, NHjCO.NHCONg (A. 808 , 93). 

Imidodioximtdocarhonic Acid, Nh(c*^q^^) , m.p. 65-70®, is prepared 

from Hg(CII,), and nitrogen peroxide (C. 1898. II. 1015). 

Carbamic Cyanide, Cyanoiirea, NH,CONII.CN, the half nitrile of biuret, is 
formed, like urea, from guanidine, as well as from cyanoguanidine or dicyandi- 
amidc (p. 457), by the action of barium hydroxide solution; when digested with 
mineral acids it yields biurel (B. 8, 70S). (See B. 25 , 820, for alkyl cyanureas.) 

Carbonyl Diuretkane, CO(NU(’OOC,H,)9, m.p. 107®, is prepared from urethane 
(C. 1897, II. 25) and urea by the action of phosgene at too®; also from carboxethyl 
isocyanate (p. 463) and water. 

Carbonyl Dturea, CO(NHCONH,),, m.p, 231®, is also produced from urethane 
(C. 1897, II. 25), and urea with phosgene at too®. When heated it passes directly 
into NH, and cyanucic acid (p. 463) (B. 29 , R. 589) 

Carbonyl Dimethyl Urea, CO(NHCONH.CHj,),, m.p. 197®, similarly to the 
above, yields n-methyl cyanuric acid, on being heated (B. 30 , 2616). 

Tricarbamtdtc Ester, Nitrogen Tricarboxylic Ester, nJCOOCjH,),, b.p.j, 147®, 
is prepared from sodium urethane or sodium imidodicarboxylic ester and chloro- 
carbonic ester. It is a colourless and odourless oil, scarcely soluble in water. 

For the action of alkali and of PjO,, see next paragraph. 

Cyanimidodicarboxylic Ester, Nitrogen Tricarboxylic Di-ester N:C-N- 

(CO-CjH,),, results from the interaction ot sodium cyanamide. CNNHNa, and 
chlorocarbonic ester. Alkali decomposes it into a carboxethyl group; P, 0 , 
causes the liberation of CO, and 2C,H4, leaving carboxethyl isocyanate (J. pr. 
Ch. [2] 16 , 146 ; B. 80 , 686). 


Derivatives of Imidocarbonic Acid.—The pseudo-forms, imido- 
carbonic acid and pseudo-urea, correspond with carbamic acid and urea: 

NH,.COOH NH:C(OH)a CO(NH,), ® NH:C<qh* 

Carbamic Acid. Imidocarbonic Acid. Urea. ^‘Urea. 

These modifications are not known in a free state, but many deriva¬ 
tives mav be referred to them. 

Imidocarbonic Ester, HN: C(OC2H5)2, b.p.je 62°, is produced by 
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reducing clilorimidocarbonic ester (B. 19, 862, 2650); from di-imido- 
oxalic ester (p. 486) by the action of alcoholic sodium ethoxide (B, 28 ^ 
R. 760), and from cyanogen chloride (p. 465) by the same reagent. 
At 200® it breaks down into alcohol and cyanuric ether (B. 28 , 
2466). 

Chlofimidocarhonic Ethyl Ester, ClN:C(OC|Hs)a, ni.p. 39^, and the methyl 
ester, m.p. 20^, are produced in the action of esters of hypochlorous acid (p. 141) 
on a concentrated potassium cyanide solution. They arc solids, with a peculiar 
penetrating odour, and distil with decomposition. Alkalis have little efiect 
upon them, whilst acids break them up quite easily, forming ammonia, esters of 
carbonic acid and nitrogen chloride. 

Bromimidocarbontc Ethyl Ester, BrN;C(OC*Hg),, m.p. 43®, results when 
bromine acts on imidocarbonic ester (B. 28 , 2470). 

Ethyl Imidochlorocarbonic Ester, C2H5N:CC1(0C2H5), b.p. 126®, is 
formed by the union of ethyl isocyanide (p, 248) with ethyl hypo¬ 
chlorite (B. 28 , R. 760). 

Derivatives of or Iso-Urea. — Methyl m.p. 45®, 

b.p.* 82®, and Ethyl Isourea, lIN;C(OC2H,)NH,, m.p. 42®, b.p ^ g6®, are formed 
as hydrochlorides by the action of alcohols on equimolccular quantities of cyana- 

HCl 

mide and hydrochloric acid: NiCNHj HN:C(NH,)(OCH,)HCl. The 

CrijOn 

hydrochlorides are decomposed when heated in aqueous solution into chloro- 
methane and urea. A similar decomposition occurs with the numerous deriva¬ 
tives of these substances. These ^-urea ethers can also be considered as being 
alkoxy-formamidxnes or aminoformimido-ethers, Chlorocarbonic ester pioduces 
O-methyl allophanic ester, CH 80 C(NH*)NC 0 ,CaHj, m.p. 5®; isocyanic acid, 
O-methyl biuret, CHjOC(NH)NCONHj, m.p. 118®; acctoacetic ester, O-meihyl 
methyl uracil (p. 416); oxalic ester, o-meihyl paracantc acid. Hydrochloric 
causes these substances to decompose into chloromcthane and allophanic ester, 
biuret, methyl uracil, and parabanic acid. Acetyl Methyl Isourea, rH*O.C(NHt)- 
NCOCH,, m.p. 58® (C. 1904# II. 29; B. 88, 2243). 

CHj—0\ CHj—O. 

Ethylene ^-Urea, I /C:NH, or I is produced by 

CH N W CH a— 

the action of bromethylamine hydrobromide on potassium c%.inate. It is an 
oil of basic character, which solidifies with diflicully (B. 31 , 2832), 

Propylene ^-Urea, CjIIjrCONjHj, results from bromopropylamine hydro¬ 
chloride and potassium cyanatc; as well as from allyl urea, l)y a molecular 
rearrangement induced by hydrobromic acid (B. 22 , 2991 ; C. 1898, II. 760). 


HYDRAZINE-, AZINE-, AND AZIDO-DERIVATIVES OF CARBONIC ACID 


Hydrasine Carboxylic Acid, NHjNHCOOH or NHaNlICOO is precipitated 
when CO* is passed into a cold aqueous solution of hydrazm* in the form of a 
white powder. It decomposes at 90® into CO* and the hydrazine salt of hydrazine-' 
carboxylic add, NIIjNHCOj.NjH,, m.p. 70® (appr.), b.p.*, 75® (appr.). Sodium 
Benxalhydradne Carbonate, C,H*CH:NNHCO,Na, is prepared from urea, NaClO, 
and benzaldehyde (comp. p. 439). 

Hydrazine Carboxylic Ethyl Ester, NHiNHCOgCgH*, b.p.j, 92®, is produced 
from nitro-urethane (p. 437) by reduction with zinc and acetic acid ; also by the 
decomposition of niwogen tricarboxylic ester with hydrazine. Benzalbydradne 
Carboxylic Ester, m.p. 135® (A. 288 ,293 ; B. 86, 745; 87 , 4523; C. 1905, 1 . 1222). 

Azidocarbonic methyl Ester, NjCOjCH*, b.p. 102®, is obtained from chloro¬ 
carbonic methyl ester and ammonium nitrate; as well as from hydrazine 
carboxylic acid and nitrous acid (J. pr. Ch. [2] 52 , 461 ; B. 86, 2057). 

I • 3 4 

ImlearbaildCr Carhamic Hydrazide, NH|.NH.CO.NH|, m.p, 96®, is formed 
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(x) by heating urea and hydrazine hydrate to loo” (J. pr. Ch. [a] 51 ^ 465); 
(2) from hydrazine sulphate and potassium cyanide; (3) from amidoguanid^ 
(B. 27 » 31, 56); (4) from nxtrourea (A. 288 , 311). Acetaldehyde Semicarbagone, 
NHaCONH.N:CHCHs, m.p. I62^ is prepared from aldehyde ammonia and 
semicarbazide hydnx^oride (A. 803 , 79}- With benzaldehyde it yields Bengal 
Semicarbagide, NHsCONHNe=CHC«Hf, m.p. 214". Acetone Semicarbagone, 
NHaCONHN:C(CHa)|, m.p. 187^ passes into bisdimethyl azimethylene (p. 228) 
(B. 29 , 6xx). 

Acetoacetic Ester Carbagone, NH|CONHN:C(CHs)CHsCO|C,H(, m.p. 129" 
(A. 283 , iS), readily passes into a lactazam. Sexnicarl^zide condenses with 
benzil to z,2-diphenyl oxytriazine (Vol. 11 .). Semicarbazide is a reagent for 
aldehydes and ketones. 

Alkyl Semicarbazldes are obtained (z) by reduction of the nitroso-alkyl-ureas 
(p. 441); (2) from alkyl hydrazines by means of isocyanic acid or its esters, 
whereby the secondary NH-group receives the carbamide residue. The alkyl 
semicarbazldes only react easily with the aldehydes when the hydrazine NH|* 
group is free (C. Z90X, 1 .1x70; B. 37,23x8). •2-Methyl Semxcarbagide, NHsN(CHa), 
CONH|. m.p. 113*’. 2t4-Methyl Ethyl Senticarbagide, NH|N(CHa)CONHCaH|, is an 
oil. i,z-D%meikyl Semxcarbazxde CH,NHN(CH|)CONHj, m.p. ix6* (B. 39 , 3263), 

Carbamxdohydraxoacetic Ester, m.p. X22% and Aminohydantotc Ester, m.p. 
70-74^ are prepared from hydrazmoacetic ester (p. 397) and cyanic acid (B. 31 , 
167). e-Amxnohydantoin, m.p. 244^ forms the partial result of the loss of alcohol 
to aminohydantoSc ester: 

NHCHaCOjCaH, NHaNCH.COaCaHa NH,N.CH 4 .CO 

I I II 

NHCONH a CONH , CO-NH. 

Carbamtdohydmzoacetic Ester. .Viruiiobydantolc Ester. ••Amloohydantoln. 

Carbohydrazxde, NHaNH.CO NHNHa, m.p. 152-153°, is obtained from the 
carbonic ester and hydrazine hydrate on heating to zoo° (J. pr. Ch [z] 52 , 469). 
Dxbemal Carbohydraside, CO{NHN==CHC,H5)a, m p. 198°. 

Itnxdodicarboxylxc Hydrazide, NK(CONHNHa), m.p ^200° with decomposition, 
is obtained from nitrogen tricarboxylic ester and hydrazine. It is easily decom¬ 
posed into Nall4 and urazole (see below) (B. 86, 744). 

Hydrazodicarbonic Ester, Hydraxodicarboxylic Ester, CaHgOCONHNHCOO.CaHj, 
m.p. 130°, bp. with decomposition about 250°, and is prepared from hydrazine 
and Cl COaCaHfi (B. 27 , 773; J. pr. Ch. [2] 52 , 476). 

Hydrazodxcarbonamide, Hydrazoformamide, NH,CO.NHNH.CONHa. m.p. with 
decomposition 245°. It is obtained from potassium cyanate and salts of 
diamide or hydrazine: It also results upon heating semicarbazide 

(B. 27 , 57), and irom^Axodicarbonamide (see below) by reduction. It yields the 
Utter upon oxidation (A. 271 , 127 ; B. 26 , 405). NaOCl partially decomposes it 
into hydrazoic acid, carbon dioxide, and ammonia (J. pr. Ch. [2] 76 , 433). 

Asodxcarboxyixc Acxd, Azoformic Acxd, COjHN—NCO,H, is prepared from 
azodicarboxylic amide and concentrated potassium hydroxide solution, in the 
form of yellow needles. Its potassium salt dchagiates at 100°. It readily decom¬ 
poses in aqueous solution into COj, potassium carbonate, diamide, and nitrogen. 
It is not possible to obtain from it the still unknown NH=NII. 

Ester, b.p.,, xo6*, is prepared from the hydrazo-ester (see above) and nitric acid. 
It is an orange-yellow oil. 

Axodicarboxylxc Amide, Azoformamide, NHjCON —NCONH,, is formed 
(i) by the oxidation of hydraxodxcarboxylic amxde with chromic acid, and (2) from 
azodxcarboxylic dtamxdxne, NH*C(NH)N;NC(NH)NHj (p. 458). It is an orange- 
lod powder. 

Carbamic Acid Azide, Azidocarbonic Amide, NjCONHj, m p. 97°, is prepared 
from semicarbazide and nitrous acid; and by the combination of hydrazoic 
and cyanic acids. Silver nitrate decomposes it into silvef cyanate and silver 
azide; when heated with water it is split up into NgH, NH,, and CO,. Hydrogen 
sulphide reduces the azide to urea (A, 314 , 339). Hydrocyanic acid unites with 
it to form axocyanide, carbamxdocyanotriaxene, NHaCONHNrNCN. 

Carbodiazxde, Carbagtde, Nitrogen Carbonyl, CO(N3)2, is produced from 
C3J*bohydrazide and nitrous acid ; 

C0(NHNH,.HCl),-|-2KN0,«C0(N,)4-|-2NaCl+4H,0. 
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It forms spear-like, very volatile crystals, of a penetrating and stupefying odour, 
recalling that of phosgene (p. 430) and hydiazoic acid It is explosive. The 
aqueous solution decomposes into CO| and sNgH (B 27 ,2684; J. pr. Ch. [2] 62 , 
482) 

Cyelle Hydritlno Derivatives of Urea.—Urazole, Hydraiodtcarbontmide, 

NH COv 

I yNH, m.p. 244^ forms on heating hydrazodicarbonamide to 200^ 
NH.CCK 

(A. 288 , z6), or from urta and hydrazine sulphate heated to 120" (B 27 , 409). It 
IS a strong, monobasic aud For its alkylation, see C 1898,! 38 

NH CO. 

Amtnourazole, \ )>NNH|, mp. 270®, is probably the same as diurea 

MltO/ 

or bts-hydraitnocarboxyl, which is obtained from hydrazo dicarbonic ester and 
hydrazine hydrate at 100“ (B 48 , 209^) 

Methenyl Carbohydrattde, produced on 

heating carbohydrazide Vitli orthoformic ester to 100 (| pi Ch [2] 62,475) 

Hydroxylamine Derivatives of Carbonic Aeid. -Hydroxyurethane, HO NH> 

OC H 

COiC^Hi, or HON C<Cqpj* *1 is a colourless liquid ^ It is produced when an 

hydroxylamine solution acts on chloiocarbonic ester (B 27 ,1254) 

Hydroxyl Urea, Carbamide Oxime, NH,CONH OH, m p izS® is obtained from 
hydroxylamine nitrate and potassium isocyanate, togetlur with a stcieo-) iso¬ 
meric body Isohydroxyurea, m p 70-72® with decomposition, and when heated in 
alcohohe solution it changes into thi ordinary hydroxyl-urea Methyl Hydioxyl 
Urea, CH,NHCONHOH mp 127° with decomposition a.nd Lthvl Hydroxyl 
Urea, m p 129® with decomposition, are formed from methyl and ethyl isocvanate 
and hydroxylamine (C igoz, I 31) Dimethvl-nitroso hydrnxy-utea, {ill^)2i^CO • 
N{NO)OH (B 30, 2356) Aldehyde - derivative of carbamide oxime, 
/NCONH, 

RCH^ I (C 1908, I 948) dissolves readily in water and alcohol, but 

with difficulty in ether 


SULPHUR-CONTAINING DERIVATIVES OF CARBAMIC AUD AND OF UREA 


The following compounds conespond with methane and uiea: 

or NH C^H. 


Ttiocarbainie 

lister. 


Sulphocarbamic 

E»trr 


NH, 


Dithiocarbamic 

bstcr 


Suiphourea or Thiourea 


Many reactions of suiphourea indicate that lis constitution 
probably lest expressed by a formula analogous to one of the non- 
existmg pseudo forms of urea (p. 446). 


OH 


Alkyl and riryl ethers are derived from tm%dothtocarboxyhc aetd, NH 


NH. 


SH 

and mtdodtikiocarboxyhc aetd, NH:C4gjj 

Thtolcarbamtc Acid, Carhamiue-ihiohc Acid, CO'^gj^^*, is not known in the 

free state. Its ammonium •'alt, prepared by leading COS mto 

alcoholic ammonia (A 285 , 173) It is a colourless, crystalline mass, which is 
unstable on exposure to the air When heated to 130® it breaks up into hydrogtm 
sulphide and urea 

Alkylamines and COS yield alkyl ammonium salts of alkyl carbamine-thiolic 
acids, such as ethyl carbamine-thiohc acid, C,H( NH.CO SH and 1 lobutyl carbamine- 
ihioltc acid, C4H1NH COSH The mercury salts of these two acids decompose 
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when heated into isocyanic esters and dialkyl iireas (comp>p. 462) (A. 859 , 
202). 

fNTJ 

Thiol‘catbamic Methyl Ester, NH,COSCH, or , m,p. 95®, and 

ethyl ester, m.p. 108®, both result from the action of ammonia (1) on ditkio- 
carbonic ester (p. 431). (2) on chlorocarbonic thiolic ester; (3) by the passage 
of HCl into a solution of potassium or alkyl thiocyanate (B. 14 , 1083) in alcohol, 
when sulphocarbamic ester is also formed (J. pr. Ch. [2] 16 , 35S), 

These are crystalline compounds which dissolve with difficulty in water, 
Thiol^carbethylamine Ethyl Ester, CtHKNIl.COSC,H,. b.p. 204-208®. It 
results from the union of ethyl isocyanate with ethyl mercap^n. 

Sulphocarbamic Aeid, Acid, Thiocarbamic Acid, NH^.CSOH, is 

known in its alkyl compounds, 

The esters of sulphocarbamic acid—thiourethanes, the xanthogenamides —^are 
formed when alcoholic ammonia acts on the xanthic esters (p. 433): 

C,H6S.CSOC,HjH-NHs=NH,.CSOC,H5+C,H5SH. 

The ethyl ester of sulphocarbamic acid, m.p. 48®, as well as the methyl ester, 
m.p. 43®, are both slightly soluble in water. Both esters decompose into mer- 
captans, cyanic acid and c^anuric acid when heated. Alcoholic alkalis decompose 
them into alcohols and thiocyanates. 

The alkyl thiocarbamic esters are obtained when the mustard oils are heated 
to no® with anhydrous alcohols: 

CSiN.CjlIji +CjH,.OH --CjHjNU.CS.OCjHj. 

'J hey are liquids with an odour like that of locks, boil without decomposition 
and break up into alcohols, CO|, HgS, and alkylamines, and can easily be tranS' 
formed by halo.c^cn alkyls into the isomeric thiolcarbamic esters (above) (C. 1899, 
11 . 0x8). Ethyl Thiocarbamic Ethyl Ester, CjHj.NHCSOCjHj, m.p. 46®, b.p. 206®. 
Allyl Thiocarbamic Ethyl Ester, CjlIj.NHCSOCjHs, is prepared from allyl mustard 
oil. Acetyl Thiocarbamic Methyl Ester, CH3CO.NHCS(OCH3), m.p. 80®, is pre¬ 
pared from thiocarbamic ester and acetic anhydride ; or from lead thiocyanate, 
acetyl chloride, and methyl alcohol. It is converted by iodomcthanc into the 
isomeric Methyl Aictyl Thtolcarbamate, CHjC^O.NHCOSCHj, m.p. 146® (C. 1900. II. 

85.^)- 

Dithiocarbamic Acid, NH^.CSvSH or N1I=^C(SH)3, is obtained as a red oil 
upon discomposing its ammonium salt with dilute sulphuric acid. It readily 
breaks down into tliiocyanic acid, HS.NC, and hydrogen sulphide. Water decom¬ 
poses it into cyanic acid and aligS. Its ammonium salt, NH3.CSSNH4, is formed 
when alcoholic ammonia acts on carbon disulphide. It consists of yellow 
needles or prisms. 

Alkyl Dithiooarbamio Acids, Ditkiocarbalkylaminic Acids. The amino-salts 
of those compounds arc formed by heating together carbon disulphide and 
primary or secondary amines in alcoholic solution : 

CS,+2C,H5NH3=C,H3NII.CSSNH8C,H3. 

When the amine salts of ethyl dithiocarbamic acid arc heated to no® dialkylated 
thio ureas are formed (p. 453): 

C,H5NIlCS.SH.NIl3C,n3-C3H4NHCSNHC,H3+H,S. 

It the salts formed with primary aminos arc heated in aqueous solution with 
mcbillic salts such as AgNO,. FcCl,, or HgCl,, salts of ethyl dithiocarbamic acid 
are precipitated : 

AgNf), 

CaU5l^nCSS{NH,CJl5) ■ >C,H,NHCSSAg-t-HNO,.H3NCjH„ 

which, when boiled with water, yield mustard oil or isothiocyanic ester (p. 469). 

The secondary amine salts of dithiocarbamic acid give no mustard oil (B. 8, 
107). 

Oxidation with iodine changes the mono- and di-alkyl dithiocarbamic acids 
into thiuram disulphides : 

I, SCSNHR 

aRNHCS.SB-^ | 

SCSNHR. 
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These disulphides, when possessing hydrogen atoms available for the reaction, 
are decomposed by heat partly into mustard oils, S and H^S, and partly into 
dialkyl thioureas, S, and CS,. Sodium alcoholate converts them into salts of the 
isomeric isothiuram disulphide. 'J'ho latter arc converted directly into mustard 
oil and sulphur by repeated treatment with iodine (B. 35 , 8 i 7 )< 


SCS(NHR) 

SCS(NHK) 




SC(NK).SMe 


I, SCN R 


C(NR).SMe 


I +Sj“|-2MeI 
SCNR 


If alkyl or acyl halides are employed instead of iodine, the decomposition results 
in mustard oil didkyl disulphides, or diacyl disulphides (pp. 144, 274) (B. 86, 
2239). Tetra-alkyl thiuram disulphides and potassium cyanide yield the yellow 
coloured thiuratn monosulphide and potassium thiocyanate. These are also 
obtained from dithiocarbamic salts with dithiocarbamic acid chlorides (see 
below (B. 36 , 2275): 


SCSN(CH3), knc 






CSN(CH,). 


^ KSNC+SC ^ 

N:sn(ch,), 


CSN(CH*)j C1CSN(CH,). XSN(CH8) 


< 


NH,(CH3), 


Dlthiourethanes, Dithiocarbamic Esters, are obtained by several methods 
(B. 35 , ^^68 ; C. 1903, 1 . 139). They arc readily prepared (i) from ammonium 
dithiocarbamate (below) and iodoalkyls: 


CH,I 


CH,1 


NHjCSS.NlI*-^NH^CSSCH,: (CH,)aNCS,NH,(CH,)*->(CH^.NCS.CH.. 

It must be noticed, however, that alkylcne tlihalides, a-halogcn ketones, and 
o-halogen fatty esters convert the dithiocarbainates easily into cyclic ihtasole 
derivatives: 


NR—CH, 


j 


SC 


.NH.CCH, 

/ II 


cn, 




S —CH 


.NHCO , 
SC< I 
^S—CII, 


(2) from chloiodithiocarbonic esters (p. 434) and amines: 

r^H^SCSCl+NHCCallT)*-I alTjSCSNfCaH^)* 

(3) from thiocyanic esters and H2S: 

CjHjSCiN+HaS-^ CjH.SCSNH*. 

< 

The dithiocarbodialkylamine acid esters are stable, whilst the simpler 
deriv*atives easily decompose into mercaptans and mustard oils or thiocyanic 
acid. 

Dithiocarbamic Methyl Ester, NllaCSjCIIj, m.p. 41®; eihvl ester, m.p. 42*; 
isopropyl e^ter, m.p. 97® ; allyl ester, m.p. 32® ; Methyl IHthtocarbamic Methyl 
Ester, CHgTiRHCSjCHs, b.p.j# 150®. Dimethyl Dithiocarbamic Methyl Ester, 
(CHj)jNCSjCWs. m.p. 47"*. Excess of iodo-alkyl converts the dithio- and alkyl 
dithio-carbami<!r>^sters into the hydroiodides of tmidodithiocarbomc esters, HN.C- 
(SCH,).RN:C(SCi^H5)2. which, on hydrolysis, yield dithiocarlionic esters (p. 432)- 
Acetyl Dithiourethie^ne, CIIjC ONIlCSaR, is produced from acyl.ition of dithio- 
urethane, and £rom’'^ustard oil by means of Ihioaceiic acid (p. 273). They 
are converted by s<^um alcoholate and iodo-alkyls into Acetyl Imtdodithio- 
carbonic Ester, CH,CON^(BU), {C. 1901, II, 764 ; I 903 » 44 ^>)- 

Dialkyl Thtocarbamte^cid Chloride, NRiCSCl, is formed from thiophosgene 
and amines (B. 36 , 2274). 

\ ^H.CHCH* 

Cyclic Derivatives of Dithloearlbamic Acid.— Carhothialdine, SC< | , 

\ ^S—NH:CHCH, 

is obtained by heating ammonitl^ dithiocarbamate with aldehyde; and by 
mixing CS, with alcoholic aldch5^^m™onia. It forms large shining crystals. 
Isomeric with this is Dimethyl Eornitpcoirbothialdine, CSa(NCH,)i(CH,)„ which 
is prepared from CSg and lodomethane breaks it 

down into Methylimidodithiocarbonic CH,N:C(SCHg), (see above) 

(C. 1896, Ih 478). 
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^NH—CO 

Rhodanic acid, SC^ J , m.p. 169* with decomposition, is prepared from 

' CUg 

ammonium dithiocarbamate with salts or esters of chlor^ or thio-acetic acid: 

NH,C!5.SNH4->- NH,CS.S.CH,COOH- > l!rH.CS.S.CH,<io: 

the homologous a-halogen fatty acids behave similarly. Mustard oils (p. 469) 
and thioacetic acid form n-alkyl rhodanic acids. Rhodanic acid condenses with 
aromatic aldehydes, eliminatmg water and forming dyes: ArCH:(CaSgNOH) 
(C. 1903. I. 446 ; II. 836 ; 1906, I. 1436 ; B. 89 , 306S). 

Thiourea, Sulphonrea, Sulphocarbamide, or NH:C<g^*' 

m.p, 172®, is obtained (as first observed by Reynolds in 1869—A. 150, 
224) by heating ammonium thiocyanate to 170-180° (A. 179, 113), 
when a transposition analogous to that occurring in the formation of 
urea takes place (p. 438). This synthesis, however, does not proceed 
with ease, and is never complete, because at 160-170® sulphourea 
is again changed to amlnonium thiocyanate : 

180* 

CSN NH,- > CSCNHj),. 

Sulphourea is also produced by the action of hydrogen sulphide (in 
presence of a little ammonia) or ammonium thiocyanate on cyan- 
amide (B. 8, 26) : 

CNNHa+SH4=CS(NIl,)i. 

Sulphocarbamide crystallizes in thick, rhombic prisms, which dis¬ 
solve easily m water and alcohol, but with difficulty in ether; they 
possess a bitter taste and have a neutral leaction. 

Reactions: (i) When sulphocarbamide is heated with water to 
140° it again becomes ammonium thiocyanate. (2) If boiled with 
alkalis, hydrochloric acid or sulphuric acid, it decomposes according 
to the equation : 

CSMai4 4-iH.O-=.CO,+2NH, + HjS. 

(3) Silver, mercury, 01 lead oxide and water will convert it, at ordinary 
temperatures, into cyanamide, CN2H2 ; and on boiling into dicyandi- 
amidc (p. 457). (4) KMn04 changes it, in cold aqueous solution, into 

urea. (5) In nitric acid solution, or by means of H2O2 in oxalic acid 
solution, salts of a disulphide, NH2.C—(NH)S—S(NH)=C.NH2, not 
known in a free state, are pioduced (B. 24, R. 71). (See B. 25, R. 676, 
upon the condensation of thiourea with aldehyde-ammonias.) Sul¬ 
phourea condenses with a-cliloraldehydes and a-chloroketones to 
amidothiazoles (VoL II.). It 3delds aromatic glyoxaline (VoL II.) 
derivatives when heated with benzoin. 

Const%tuHon.^Th.e behaviour of thiourea when oxidized in acid solution, and 

certain other reactions, rather support the formula i^'^’tead of the 

diamide formula (comp. J. pr. Ch. [2] 47 , 135). Possibly free thiourea possesses 
the symmetrical formula, whilst its salts are derived from the psetido-form 

NH:C<gH • (p. 448)- 

Thiourea combines with i equivalent of acid to form salts. The niiraie, 
CSNtH4.HNO,, occurs in large crystals ; hydrochloride, see C- 1902, I. 1x3. Auric 
chloride and platinic chloride throw down red-coloured double chlorides from the 
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concentrated solution. Silver nitrate precipitates CSN,H4.AgN'0, (B. 24 , 3956 ; 
B. 25 | R. 583) For the constitution of these metallic salts see B. 17 , 297. For 
the compounds of cuprous chloride with i, 2, or 3 molecules of thiourea, to form 
" co-ordinated complex salt’s/' see A. 349 , 232. 

Alkyl Sulphocarbamides, m which the alkyl groups are linked to nitrogen, are 
produced— 

(1) On heating the mustard oils with primary and secondary amine bases 
{A. W, Hofmann, B. 1 , 27): 

Nflj^-CSiN.C.Hj^NH^.CS NHC,TI,. 

Ethyl Sulpbocarbamtde. 

NH^Callg i-CS:N.CjH5^NHC,H5rSNnC2lI,. 

sym. Diethyl Sulphocarbamide. 

NH(rdI,),+CS:N.C,H,^N(Csn,),CSMlC3H6. 

Trietbyl Sulphocarbanudr. 

(2) By hojting tlu' aininf' sdlts ol the alkyl ditluocaibamiL acids (B. 1 , 25) 

(P- 450) • t^H,NHCb.SNn,CsH,-=C,H 5 NHCSNHCjU, |-H,S. 

(3) By heating the corresponding aminothiocyanates (B. 24 , 2724; 26 , 
2497). 

Ethyl Sulphocarhamide, NHjCSNU.CgHj, m.p. 113®, dissolves readily in 
water and aloilud 

sym,~Diethyl i>ulphocarbannde. m.p. 77®. Jnethyl Thiourea, 

m p. 26", h p. 205“. Monomithyl Thiourea, m.p. 119 . sym -Dimethyl Thiourea, 
m.p. 61® ( 1 ^ 24 , 272<); 28 , R.if24). \ivisym,-D%methyl Thiourea, NU2CSN(CH,)j, 
m.p ISO® ( 15 . 26 , 2S05). Propyl Thiourea, see B. 23 , 286 ; 26 , R. 87. 

Allyl Sulphocarhamide, Thiostnaminc, NHjCSNH.CjId5, m.p. 74®, is formed 
bv Iho union o£ allyl mustard oil with ammonia (p. 469). 

It IS readily soluble m water, alcohol, and ether. All's I c yanamide sinamine and 
tiiallyl melamine are produced on boiling with mercuric oxide or lead hydroxide 
(p. 472) Ilydiogen bromide changes it to propylene ^-Uiiourca (comp. 20 , R. 
684). 

Diallyl Sulphocarhamide, m.p. 49®, is prepared from allyl mustard oil and 
.'llylamme (C. 189S, 11 76S). 

Reactions of the Alkyl Sulphoureas. 

(1) The sulphocarbamides irgenerate amines and mustard oils by distillation 
with PfOg, or when heated in HCl-gas ; 

CsHBNHCSNHCjilg^CgHsNiCrS-fNHaCJlg. 

(2) The sulphui in the alkyl sulpliocaibamidcs will be u*pl.iccd by oxygen if 
thes'e compounds are boiled with water and mercuric oxidi or lead oxide. 
(a) Those that contain two alkyl groups yield the corresponding ureas; 

(C,Hr,MI)gCS l-HgO -(C,HgNH),CO i UgS ; 

whereas {h} ^he mono-donvatives pass into alkylic cyanamid^s (and melamines) 
after parting Vith hydrncrrn sulphide (pp. 472, 473)- 

^ CjHgNUCSNH, ^CjHgNIlCfN+HaS. 

(3) On digpstinffi the dialkyl sulphocarbamides with mcrcnric oxide and amines, 
sulphur is exchangt^\for the imid-group and guanidine deiivatives appear (p. 455): 

(C,H.NII),CS f'kHjC.H, f HgO-(C,H,NH).C:NC,H.+HRS+H, 0 . 

Consult B. 23 271 the constitution of the dialkyl siiljibocarbamides. 


.NHCH, _ yNli ni^ 


Ethylene Sulph<^arbami4^^ ^ * *“*P' ^^5' 


IS 


.('Hg 


obtained from ethylene diamm^^*^^ carbon disulphide (B 5, 242). 

^ V /NH('((:Hg), 

Ptnacolyl Sulphocarhamide, *' ’ 

NHC (CJTj)g 

243®, is formed by the action of amniSe*^'^ carbon disulphide and acetone 
(B, 29 . R. 669). \ 



ALKYLENE DERIVATIVES OF PSEUDOSULPHOUREA 453 

Darlvatlres of Pseudosulpboearbamlde.—In the preceding derivativea— 
whether they are derived from the sym.- or unsym.- sulphocarbamide formula or 
not—the alkyl groups were in all cases joined to nitrogen, whereas the compounds 
about to be described must be considered as derivatives of pseudosulphocarbamide. 
The alkyl pseudosuiphocarbamides result upon the addition of alkyl iodides to 
the thioureas. Xlic alkyl groups contained in them are known to be united with 
sulphur because, when they are acted on with ammonia, they are changed to 
guanidines and mercaptans. They also easily condense, like the p-urea. ethers 
(p. 446) with fi-aXdo- and | 3 -keto-carboxylic esters into the cyclic derivatives and 
mercaptopyrimidines, which are hydrolyzed into mercaptans and pyrimidines 
(B. 11 ,492 ; 23 ,2195 ; C, 1903, T. 1308 ; 1905, 1 .1710): 


^'Methyl Thiourea 
Iodide. 


NaOCH^^jj 

^diura Fortnyl 
Acetic Eater. 


> ch,sc<n^h^h 

Methyl Mc^rcapto- 
oxypynmidine. 


Alkylene Derivatives of Pseudosulphourea. 

Ethylene Pseudolhtourea, NH:C^ 

Ni 


I 


/S—CH, 

, or NHjC^ I , m.p. 85®, is 
'NII.CH, ^N—CH, 

obtained from bromcthylamine hydrobromidc and potas.^ium thiocyanate. It 
is a base with strong basic properties, and its salts crystallize well (B. 22 , 1x41, 
2984 ; 24 , 2O0). 


Propylene Pseudothiourea, NH 


/S—CH.CH 3 


formed from bromo- 


propylamine and potassium thiocyanate, is perfectly similar. It also results 
from allyl-tliiouroa by action of hydrobromic acid (p. 452): 


CUj^CH +HBr CHj.CHBr -liBr Cll/'H-S\ 

I -^ I -^ 

CH-jNII.CSNH 3 CH3NH.CSNH 3 CH*— 


Acetyl Pseudothiourea, , m.p. 165®, is obtained from thiourea 

by heating it with .icetic anhydride ; also from cyauamide (carbodiimide, p. 471) 
and thioacetic ac td. This second method argues tor the compound being a deriva¬ 
tive of pseudusnlphocarbamide, 

Carboxalkyl Sulphocarbamide, Thio- or p-Thio-allophanic Ester, ROOC.- 
NHCSNHj or KOOC.SC(NlI)NH3, is produced by the addition of ammonia or 
amines to the carboxalkyl thiocarbimides (p. 471) (C. 1901, II. 211), and by the 
interaction of chlorocarbonic esters on llnourca (('. 190^, I. 1123). Dtthiobiuret, 
RjNCS.NR.t'SNJ^,, and ^-Vithiohmret, (B. 37 , 4317). 

Pseudothlo- or -sulpho-hydantoln, C3H4N3S (below), is obtained when 
chloracetic acid (A. 166 , 383; B, 31 , 137) acts on sulphocarbamide, and was 

/NH.CO 

formerly thought to be the real thiohydaritoin, CS\ | , However, its 

formation from cyanamide and thioglycollic acid (p. 376) and its decomposition, 
when boiled with barium hydroxide solution, into thioglycollic *tcid and dicyandi- 
amide prove that it is a pseudosnlphocarbamide derivative, which contains 
the ring occurring in thiazole compounds (B. 12 , 12S5, 15S8). Similar 
thiazole derivatives result when monochloracetic ac'd is/replaccd by a-bromo- 
propionic acid, bromomalcic acid, and other halogen-car^xylic acids ; also when 
unsaturatccl acids are employed, such as citraconic ap 5 d, to react with thiourea 
(C. 1897, I. 853). Pseudosulphohydantoin cryst^izes in long needles, which 
decompose at about 200®. When boiled with a^ds, it loses ammonia and is 
changed into mustard oil acetic acid (p. 469). yt is closely related to rhodaoic 
acid (p. 451) : 

yNHCO 
HN:C< I 
\s—CHg 

Thiohydtfitoln. 


yNHCO 

oc< I 

('H, 

Mustard Oil 

AaaHa A^ltl 


/NHCO/ 

ir' 

RluxUii^ Acid, 
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Alkyl Hydroiythloureas are formed by the action of an ethereal solution of 
* anhydrous hydroxylamine and jS-alhyl hydroxylamines on mustard oil in ether. 
The monoalkyl hydroxy thioureas readily decompose into sulphur and alkyl 
•ureas (comp, on the contrary phenyl hydroxythiourea (Vol. IJ.)); the dialkyl 
hydroxythioureas are stable. Ethyl Hydroxythiourea^ CjHjNll.(^SNOH, m.p. 
109^; %yx£L..»Diethyl Hydroxythiourea, CjiHjNH.CS.NCgUi)^!!, m.p. 8x^ (A. 

298 , 117). 

Hydrazine Derivatives of Thiocarbonle Acid. 

Diihiocarbazine Acid Hydrazine Salt, NHjNH.CS.SNlTj.NH*, m.p. 124*, is 
formed by the interaction of hydrazine hydrate and CS* (B. 29 , R. 233). 
oi-Carbamyl p-Tkiocarbamyl Hydrazine, H*N.CSNH.NH('ONHj, m.p. 218—220* 
with decomposition, is formed from thiosemicarbazidc hydrochloride and 
potassium cyanate (B. 29 ,2508). Boiling concentrated bydrochloxic acid converts 

it into thiourazole, m.p. 177*. ap-Ditkiocarbamyl Hydrazine, 

NHjCSNH.NHt'SNH,. m.p. 214*, results when a solution of hydrazine sulphate 
and ammonia thiocyanate is boiled (B. 26 , 2877). 

X t 3 4 

Thiosemicarbazide, NHj.NHCSNHa. 181* is formed together with 

oA-dithiocarbamyl hydrazine (see above), when hydiazinr sulphate and ammonium 
tniocyanatc are boiled together in solution. Like scmicarbazidc (p. 466) it 
readily reacts with aldehydes and ketones to form thiosenncarbazones, RCH:- 
NNHCSNHj, RaC:NIlNCSNIl2. They are particularly .suitable for isolating 
aldehydes and ketones on account of the insoluble precipitntes given with silver 
mercury, and copper salts (B. 35 , 2040). ^~Methyl Thto^cmicarhazide, CH^NH.- 
CSNHNH,, m.p. 137“; 2,4-Z)ijwWAy/TAfoscmtcarfcaziife, CII.,NH.C'SN(CH,)NH2, 
m.p. 138®, and ^,4-Meihyl Allyl Thiosemicarbazide, m.p. 57®, are prepared from 
hydrazine and methyl hydrazine with methyl and allyl mustard oil respectively. 
They combine readily with aldehydes (B. 87 , 2^ao). aP-Dithiocarbamyl 
Diallylamine, CgTIgNH.rSNlI.NH.CSN^HCjHB (B. 29, 859). Eorynyl Methyl 
Thiosemirnrhazidc. m.p. 1O7®, yields, with acetyl chloride methyl uni dothiobtazoline, 
m.p. 245® (B. 27 , 022): 

Nil—NH NH-N 

I I -^ I II 

CHsNHC'S CHO CTXaN:C—S—CH. 


NH—CSv 

Dithiourazole, | /NH, m.p. about 245* with decomposition, is formed 

XH— 

an heating a^-dithiocaibamyl hydrazine with hydrochloric acid. The hydrochloride 

NH.es-. 

of iinidothiourazolc, | yNH, is produced at the same time (B. 28 , 949 )* 

NH.C(NH)/ 

Appendix, Potassium DiazomethaneDisuiphonate, N*C(S03K)j, orange-yellow 
needles, i.'» prepared from Potassium AminomethaneDisulphonate, NHjLTl(SO,K)j, 
the additic^n soroduct of potassium cyanide and two uiob cules of potassium 
bisulphite, by'means of nitrous acid. With iodine it yields potassium di-iodo- 
methane disiUpt^xnate, IaC(S(l3K)2 ; and is converted by lieat into Potassium 
Azinometkane Di\lphonatc. (S0,K)2C:N.N:C(S03K)a. in tlie form of colourless 
crystals. 'J'ho ai iion of diazobenzene (Vol. II.) on the potassium bisulphite 
compound with pofassium diazometbane disulphonate prorluccs Potassium 
Methane Disulphonate, ^Phcnylhydrazone, CaH5.NHN:C(S03K)j and ulitmately 

Formazyl Sulphonic Actd (B, 29 , 2161), 

GUANIDINE'..and ITS DERIVATIVES 


Guanidine is, upon the on^hand, very closely related to ortho- 
carbonic ester, urea and sulphocfc&^bamide, and, upon the other, to 
cyanamide (p. 426), and all are inttf^connected by a series of reactions. 
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Guanidine belongs to the aznidines, and may be regarded as the amidine 
of amidocarbamic acid: 


NH, 






Utea. Sulphocarbamide. 

The pseudo-forms of urea and thiourea— 


Guamdiae. 


ho-^'<nk* 

{Pseudourea). 


(Pseudosulphourca). 


known in the form of various derivatives, are the amidines of carbonic 
and thiocarbonic acids. 

Guanidine, HN:C(NH2)2* was first obtained {A, Strecker, i86i) 
by the oxidation of guanine (a substance closely related to uric acid, 
and found in guano) with hydrochloric acid and potassium chlorate. 
It is found in vetch seeds and in beet-juice (B. 29, 2651). It is a^so 
important as the substance from which creatine is derived. It is 
formed synthctically*(i) by heating cyanogen iodide and NHs, and 
from cyanamide (p. 471) and ammonium chloride in alcoholic solution 
at 100®: 

NH^.Cnx+NHj Ha = (H 2 N),C:NiJ.Hri. 

This is analogous to the formation of formamidine from hydro¬ 
cyanic acid. (2) It is also produced by 1 icating clUoropicrin or (3) esters 
of oithocarboTiic arid, with aqueous ammonia: 

ca5(NO,)-f-3Nrra = (HaN)2C:Nn -f-3lICl-f HNO* 
C(OC,H5)4-f'jNHs = (tI,N),C:NH+4C,H»OH. 

(4) It is mo t readily prepared from the thiocyanate, which is made by pro- 
loni^ed hcatim^ of ammonium thiocyanate to 180^x90^, and the further transposi¬ 
tion of the thioinea that first foims ( 13 . 7 , 92) : 


2XH4SNC -= 2(riaN)aCS = (H,N),C:NH.CNSH-fHjS. 


The crystals of guanidine are very soluble in water and alcohol, 
and deliquesce on exposure. Barium hydroxide solution changes it to 
urea. Guanidine -salts of the fatty acids are converted by heat iivto 
guanamines, which will be described with the cyanuric compoi!mds 

(P- 474 )- y"' 

Salts .—It is a strong base, absorbing CO, from the air and yieldino trystalline 
sails with 1 equivalent of the acids. The mtrate, CN,H,.HNO,, cocfeists of large 
scales, which are sparingly soluble in water; hydrochlottde, CNji^j.HCl,. yields 
a ))latinum double salt, crystallizing in yellow needles; carb^ate, (CNjH,),.- 
HjCO,, consists of quaclralic pnsms, and reacts alkaline {sgcXq, X907, I. 153) ; 
thiocyanate, CN,H,.HSCN, crystallizes in large leaflets, J^.p. 118®. Silver 
guanidine, CN^AgjHj-hHjO (A. 302 , 33). / 

The alkyl guanidines result (i) on heating cyanamid^with the HCl-salts of 
the primary amines— e.g. CH,NH,.HC 1 , forming Mej^yi Guanidine; (2) by 
boiling sym.-dialkyl thioureas (p. 452) with mercuric/^xide and ethylamine in 
alcoholic solution (B. 2 , 601), producing THethyl 

Vice versa, the alkylated guanidines, when hea^cj with CS,. have their imida- 
group replaced by sulphur, with formation of thio^^gg^s 451). 

Acyl Guanidines arc formed when guanidi-'Jjg hydrochloride is heated with 
acid chlorides under pressure (C. 1903, II. 988^; 

GuaneVdes of the HydroxyaoidB.-/^Tie guanidine derivatives corre¬ 
sponding with the ureides of J'^iycollic acid, hydantoic acid, and 
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hydantoln arc known. Creatine and creatinine, important from a 
physiological standpoint, belong to this class. 

Glycocy amine,Guanidine Acetic is obtained by the 

direct union of glycocoll with cyanamide; or by heating guanidine carbonate 
with glycocoll (C. 1905, I. 156): 

NH*(NH)CNH,-fNH,CH,COOH=NHs(NH)CNHCH,COOH-fNH8. 

It dissolves with <lifiiculty in cold water and rather readily in hot water, 
whilst it is insoluble in alcohol and ether. It forms salts with acids and bases. 
When heated it becomes carbonized without melting. 

>NHCO 

Glycocyamidine, Clycolyl Guanidine, | , bears the same relation 

^NHCH, 

to glycocyamine as hydantoln to hydantolc acid : 

/NH, 

co< 


/NHCO 
CO< 


/NH, 

NH=:C< 

'^NUni^rO^H ^NIICH, ^NHCn,CO,H 

Hydantolc Acid. Hydantofn. Glycocyamiof. 

It is produced when glycocyamine hydrochloride is heated to r6o®. 


.NHCO 

NH=C< 

Nv 


NHCll,. 
Glycocyamidine. 


Creatine, Methyl Glycocyamine, Methyl Guanidine Acetic Acid, 

jj, was first discovered in 1834 tiy Chevreul 

in meat extract {Kpw, flesh). Liebig (1847) gave it a thorough in¬ 
vestigation in his classic research entitled “ Ueber die Bestandtheile 
der Fliissigkciten des Fleischcs ” (A. 62 , 257). It is found especially 
in the fluids of muscles. It may be artificially piepartd {/. Volhard, 
1869), like gl3xocyamine, by the union of sarcosine (methyl glycocoll) 
with cyanamide : 

CN.NHa-l-NH(CH.).CH,COaH=H,N(NH)C.N(CH,).CH,COOH. 

Creatine crystallizes with one molecule of water in glistening 
prisms. Heated to 100®, they lose of water. It reacts neutral, and has 
a faintly bitter taste. It dissolves rather readily in boiling water, but 
'^th difficulty in alcohol; and yields crystalline salts with one equi- 
''^^ nt of acid. 

^'.^Vben digested with acids, creatine loses water and betomes changed into 

creatim bMow), and (2) with barium hydroxide solution it is converted 
into urea ^ 

^^Xns).CHjCO,H FH,0==CO<Jj^J-l-NH(t 

"lU 3 -* ^he same time, and )5-methyl hydantoin is formed. 


occurs con- 


ivarid and mJis solution is heated with mercuric oxide, creatine yield.s 

mo guanidine. (4) With acetic anhydiide it yields Dtaceiyl 

Oreanne, j 51). 

Creatinine, M ethy^ . /NH—co 

uTcis xocyafntdtne, NH«C< I , 

stantly in urine (about > ^ >(CH )iH. 

rrSine by evaporating per cent.), and is readily obtained from 

Tircsent It crystallizequeous solution, especially when acids 
JSluble than creatine, in watt rhombic prisms, and is much more 
expel ammonia from ainird alcohol. It is a strong base which 

1 salts and 3aelds well-crystalhzed 



GUANIDINE AND ITS DERIVATIVES 


457 

salts with acids. Its compound with zinc chloride (C4H7N80)a.ZnCl2, 
is. particularly characteristic. Zinc chloride precipitates it from 
creatinine solutions as a crystalline powder, dissolving with difficulty 
in water. 

(i) Bases cause creatinine to absorb water and become creatine again, 
(a) Boiled with barium hydroxide solution it decomposes into ^-methyl hydantoln 
and ammonia: 


.NH-CO >NH- 

NllrCC I fll.O^COiQ 

(CH,)—Cl I, ^N(CH,)—C H, 


(3) When boiled with mercuric oxide it breaks up like creatine into methyl 
guanidine and oxalic acid. 

When creatinine is heated with alcoholic ethyl iodide, the atnmonium iodide 
of ethyl creatinine, C 4 Hy(CjH 5 )N,O.I, is produced. Silver oxide converts this 
into the ammonium base, C4Hy(C2ns)iN90.0H. 

a~Guamdine Propionic Acid, (N,Hg)r.NH.CH(CII j)COOH, m.p, i8o“. p-Guani" 
dine Propionic Acid, m.p. «o6-2i3®, with decomposition, when heate d wit h hyd ro- 

chloric acid yields the hydrochloride of p-alacreatinine, HN:CNHCH,CH>CONH 
(C. 1905, I. 156). 

Guaneides of Carbonic Acid. —Guanoline, guanyl urea, biguanide, and pro* 
bably dicyan<liamide, corresponding with rdlophanic ester, biuret, and cyanurea, 
(p. 453), arc derivatives of the guancidc of carbonic acid. This is not known, and 
probably cannot exist: 


Allophanic Kster. 

-vru.i 

jNn.t. ^>rnco/'Ji6 

Guanohne. 


CO-; 


-N H 

-XHCONH, 

liiuret. 


NHg 

NIK'N 
Cyanurea. 



Guanyl Urea. 


« 


NH:C 


'^NJTC*(NH)NH, 

Biguaniile. 


Dicyandiamide (?). 


Gnanollne, Guanidocarbomi^ Ester, m.p., 

drated, 114^'. It is obtained from Guanidodicarbonic Diethyl Ester, 
(NH.COjC.Uj),, the reaction-product arising from chlorocarbonic 
guanidine, through the action of ammonia (B. 7 ,1588). 

Dicyandlamldine, Guanyl Urea, is formed J(^) by the 

action of dilute acid.s on dicyandiamide or cyaiiamidc, or {^)/by fusing a 
guanidine salt with urea ( 13 . 7 , 44^)» (3) from urea by heating it^with benzene 
sulphochloride, whereby it is obtained as a benzene snlphonate1901, I. 885). 
It is a strongly basic, crystalline substance. It forms a coppe^^rrivative having 
a characteristic red colour, and a yellow nickel compound, M^(N4H40C|)iH-Hj0 
(B. 39 , 3356). When digested with barium hydroxide soA^tion it decomposes 
into CO«, 2NH-, and urea ( 13 . 20 » 68). 

' "KTTT 

Biguanide, Guanyl Guanidine, * is formed (i) on 

heating guanidine hydrochloride to 180-185®; when cyanoguanidine is 

heated with ammonium chloride. It is a strongly afiK^linc bs^se, forming a copper 
derivative with characteristic red colour. CliJ^fQlorin and alkali hydroxide 
convert it into/ormoguanamiM^ (p. 474)- 

Bleyandlamlde, Patatn, Cyanoguanidtnej^jji^.Q,^^^^^^, m.p. 205®, results 

from the polymerization of cyanamidc un^n long standing or by evaporation of 
its aqueous solution, and can casily^'l^g prepared from technical calcium 
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or sodium cyanamide (p. 471) (C. 1905, II. 1330, etc). Contrary to the 
substances described above, it is a neutral body. Ammonia converts 
it into biguanide ; dilute acids into guanyl urea. With piperidine it forms a 
biguanide derivative (B. 24 > 899; 25 > 525). with hydrazine hydrochloride when 

heated in alcoholic solution it gives guanazole, NH:C^ | , m.p. 206® 

^NHC;NH 

(B. 27 , R. 583); both reactions form a basis for the ascribed formula.' 

ThioeyanodUmldine, Guanyl Thiourea. Nil jCSNIIC(NH)NH„ is obteined from 
thiourea and Kl* or Uiiophosgcne. It is isomeriz-'d at 100® to guanidine thio¬ 
cyanate. Silver salts pioducc dicyanocliamide with loss of II^S (comp. B, 86, 

3322). 


Nitro-, amino-, and Hydroxy-guanldlnes and their transposition products. 

Of these substances, nitroguanidine is the most suitable material for the 
preparation of a series of remarkable guanidine and urea derivatives {Thiele, 
A. 270 , I ; 273 , 13^1 26 , 239S, 

Nitroguanidine, m.p. 230®, results on treating guanidine 

with a mixture of nitric and sulphuric acids. It d^s.iolves with difficulty in cold 
water, more readily in hot water, and particularly freely in alkalis, because of 
its feeble acid character. 

(?), is produced by reducing nitroguanidine 

with zinc diist and sulphuric acid. It consists of yellow ne(‘dles, which explode 
at 160-165'’. 

Aminoguanldlne, results when nitro- and nitrosoguanidinc 

aie reduced with zinc dust and acetic acid, or by electrolysis in neutral solution 
with a zinc cattiode (C. 1906, I, 1066), and can be precipitated as a slightly soluble 
bicarbonate (A. 302 , 333). Aminoguanidine decomposes readily when in a pure 
condition, and when boiled with acids it breaks down, with the t<‘inporary pro¬ 
duction of St micarbazide (p. 446), into carbonic acid, ammonia, and hydrazine, 
which can therefore be conveniently prepared in this manner : 


HjO N n{\ 1 NIUNII, 




Aminoguanidine forms well-crystallized compounds with dextrose, galactose, 
a^id lactose and many other aldehydes and ketones (Ik 28 , 2613). Glyoxal 
and^ a-diketoncs with aminoguanidine lose water and form bis-amtnoeuanidine 
(A. S;x^ 2 , 275). 

' ^ >NH—N 

m.p. 159®, is formed from formyl amino¬ 
guanidine niiL^^^® 33 )* Guanazole (above), 

—N=sN—is obtained as nitrate when 

aminoguanidine with KMnO*. The azoudrafe forms a yellow, 

sparingly solublepowder, which explodes at 180-184®, I* passes 
into azodicarbonai^'^'^f 447 ) when boiled with water. 

Hydraxodicarbonaw^^^' NHas nitrate 
when azodicarbonamidi^ nitrate is reduced witt H,S. 

Axidocarbamidim. Caria^** Imidaxide. ^ corresponds with 

* 1 © N NHj* 

carbamic acid azide Ar> stable in solution, since it very 

rt-adily isomerizes into below): ,„>ate, (CN.H,)HNO.. 

*“ p. 120® is obtnin«iH potassium mtntc m nitric acid 

solution, in ’ Excess of sodium hydroxide 

solution converts it partiaUy S^“yaThese substances 



NITROGEN DERIVATIVES OF CARBONIC ACIDS 45^ 

* 

nnite in aqueous solution probably to reform azidocarbamidine, which isaiinnl- 
taneously isomerized to aminotetrazole (A. 814» 339)! 


NSCNHj+HN< 11 - 

Cyauamide llydraaoic Acid. 


H.N. /N 


''NH—N 

Aminotet ra xole. 


Diaxoguanidine Cyamide, Tyiazene Dicavhoxylic Amide, Amifio-imina-ntethyi 

Cyanoiriaxene, j^^>C —NH -N—N.CN, is produced from azidocarbamidine 

nitrate and potassium cyanide. The amide, obtained from the nitrile, takes up 
bisulphite and forms a triazan- or proxan- derivative— Sodium Triaxandicarboxylic 

Amidine Arntdo^mlphonaU, 


N —Jti 
A xotetraxole, || —N=N— Ck 


-N 


N- NH 


^NH—N 


11, results when amidotetrazole 


is oxidized by potassium permanganate (A. 803, 57). 

Isocyanotetrahromide or Tetrabromoformalazine, Br,C«N—N»»CBr*, m.p. 42®, 
is produced when liydrazotetrazole, the reduction-prod net of azotctrazole, is 
treated with bromine {B. 26, 2O45). With alkalis isocyanotetrabromide 
apparently yields tsocyanoxide, CO—N—^N=CO (?), or a polymer of it. Should 
an oxidiztible body like alcohol be present, isocyanogen, C=N—N«=C(?), is pro¬ 
duced. This substance has an odour very much like that of isonitrilc. Sodium 
ethoxide converts isocyanotctraluomidc into Aximethyl Carbonate, (CHsO)|C 

=:N—N=C(OCHs)i, (A- 803,71)- 

Diaminnguamdine, HN:C(NHNHj)t, obtained as a hydrochloride or hydro* 
bromide by the action of cyanogen chloride or bromide on hydrazine. Dibenzal- 
d%aminoguamdtne, HN:C(NHN:CHC,Hj)a. m.p. i8o“, exists as yellow needles. 
Hydrazine and two molecules of cyanogen bromide form guanazine, 

NH—C(NH)v 

HN:C(NHNU)jC;NII, or | >NNH, (B, 37, 4524 ; C. 1905. II. 122). 

NH—C(NJI)'^ 

Triaminoguanidtne, HaN.N:C(NlINHj)* ; its hydrochloride is obtained by 
heating hydrazine hydrate with carbon .tetrachloride in a stream of ammonia./ 
Trtbenzal Trtaniinoguamdine, C,H5CH:NN:C(NHN:CHC,H,)j, m.p. ^9^'’* 
hydrolyzed into benzaldchyde, hydrazine, and carbohydrazide (p. 447) (B. JJJr, 

354«)- / 

Dihydroxyguanidine, is obtained as hydrobromide^ from 

cyanogen bromide and hydroxylamine in methyl alcohol. It is stable, to acids, 
but is changed immediately by alkalis into an unstable red azo body, wtUchbecomes 
ultimately converted into axoxybismcthenylamidoxime, H,NC{I^OH).(NiO)C- 
(N0H)NH8, hydrazodicarbonamide, and other substances. 

Amino-metkyl-nitrosilic Acid, is produced^when alcoholic 

potassium hydroxide decomposes the above-mentioned intermediate azo-body. 
It consists of very unstable green tabular crystals, and combines to form blue 
or green salts ; potassium salt is deposited from alcoh^as steel blue brilliant 
needles (B. 88,1445). 


NITRILES AND IMIDES OF CARBONIC^jjD THIOCARBONIC ACIDS 

y 

The nitriles, cyanic acid, ihiocymnic acid, cyanogen chloride, and 
cyanamide, stand in a systematic a|j 5 ^ genetic connection with carbamic 
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acid, thiocarbamic acid, urea chloride, and urea, as well as with 
thiourea: 

NHjCOOH NHjCOSH NHjCOCl NH.CONH, NH.CSNH, 

Caibamic Acid. Thiocarbamic Urea Chloride. Urea. Thiourea. 

Aud. 

N^.OH N “C SH NTCCl N^HT.NI T., 

Cyanic Acid. Thtoiyaoic Acid. Cyanogi^n Chloride. Cyanatmde. 

The empirical formulae of cyanic acid, HONC, thiocyanic acid, 
HSNC, and cyanamide, CN2H2, have each another structural formula : 

NH -C --0 NH =CS NH =€ -NH 

Isoryanic Acid, Isothiocyanic Acid, Carbodi‘'imtde. 

Carbimide. Tbiocarbimide. 

Indeed, alkyl derivatives are known which correspond with both 
formulae of each of these bodies. The isothiocyanic esters, or mustard 
oils, may be especially mentioned. The constitution of free cyanic 
acid, and of cyanamide, has not yet been determined with certainty, 
whilst the normal formula, HS.C=N, is um'voisally attributed to 
thiocyanic or sulphocyanic acid. Cyanic acid itsclt has received the 
iso-formula, HN~C= 0 , because it forms isocyanic esters with diazo¬ 
methane (C. 1906, II. 1723). 

Tlie remarkable tendency of cyanic acid and cyanamide to poly¬ 
merization is particularly noteworthy ; the former substance gives rise 
to cyamclide and cyaniiric acid, and the latter to dicyauodiamidc and 
tricyanotriamide or melamine. 

When the simple derivatives of cyanic acid have been discubsed, then the 
corresponding trimolecular polymers will be described. 

Numerous compounds containing the cyanogen group have been 
described and discussed in tlic preceding pages as intnies of carboxylic 
acids (p. 278), hydroxy- and kctonic acids (pp. 378, 409, 4()()). The 
simplest body, hydrogen cyanide ox hydrocyanic aetd (p. 239), has been 
liscussed with formic acid. Cyanic acid bears a 1 elation to hydrocyanic 
acd similar to that of carbonic acid to formic acid. 


OX\'T7N DERIVATIVES OF CYANOGEN. TIIETR ISCjMERIDES AND 

POLYMERIDES 

Cyanic HN:CO or HO:C.N. isomeric with fulminic acid 
or carbyloximt.(p_ 248), is obtained by heating polymeric cyanuric 
acid. The vapOrs wliich distil over are condensed in a strongly 
cooled receiver. 

The acid is only-table below 0®, and is a mobile, very volatile 
liquid, which reacts si^jjgjy acid, and smells very much like glacial 
acetic acid. It producv. blisters upon the skin. At about 0°, the 
aqueous solution is rapijy converted into carbon dioxide and 
ammonia; 

HONC H, 0 «C 0 ,-f HN,. 

At o®, the liquid cyanic a^i passes rapidly into the polymeric 
cyamclide —white, porceIain-liKt,^j^g^ which is insoluble in water, 
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and when distilled reverts to cyanic acid. Above o®, the conversion 
of liquid cynanic acid into cyamelide and cyanuric acid (C. 1902, 1 .526) 
occurs, accompanied by an explosive generation of froth (comp, 
formaldehyde, p. 197). 

Cyamelide is also obtained by grinding together potassium cyanate 
and crystallized oxalic acid, and washing out with water. It is a 
loose white powder, only sliglilly soluble in all solvents. Prolonged 
boiling with water decomposes it into NH 3 , CO 2 , and partly into 
cyanuric acid (p. 463). When digested with concentrated sodium 
hydroxide solution it is converted completely into tri-sodium cyanurate. 

This probably corresponds with the formula 

is therefore analogous to trioxymethylene (p. 199) (B. 38 , 1013). 
Cyanic acid dissolves in alcohols, yielding esters of allophanic acid 

(P- 444)- 

Potassium Cyanate, Potassium Isocyanate, ordinary cyanate of 
potassium, KO.C-N KN:C;0, is formed in the oxidation of 
potassium cyanide in the air, or with some oxidant like lead oxide, 
minium, potassium permanganate (B, 36 , 1806), or sodium hypo¬ 
chlorite (B. 26 , R. 779). It is most conveniently made by heating 
small portions (3-5 gm.) of an intimate mixture of 100 parts potassium 
fcrrocyanidc and 75 parts of potassium biclaromate in an iron dish, 
during which NHy should not be set free (H. 26,2438). It results, tdo, 
on conducting dicyanogen or cyanogen cliloride into potassium hy¬ 
droxide solution ( 13 . 23 , The salt crystallizes in shining leaflets, 

resembling potassium chlorate, or in quadratic plates (B. 27 , 837), 
and dissolves readily in cold water, but with more difficulty in hot 
alcohol. In aqueous solution it decomposes rapidly into ammonia 
and potassium carbonate. 


Potassium isocyanate precipitates aqueous solutions of the heavy metals. 
The lead, sjl\’er, and mercurous salts are white, the cupric salt is green in colour^ 
Lead cyanate is (juautitativcly hydrolized to carbonate and urea when boiled wit 
water (C. tOo). J 

Ammonium cyanato, Nll4.0CiNor NH4.N;C:0, is a white crystalline 
formed by contact of cyanic acid vapours with dry ammonia, or by mixing c;^ereal 
solutions of cyanic acid and ammonia (C. 1900, I. 107). I^otassium h\^’'oxide 
decomposes u into potassium isocyanate and ammonia. On heatiiy® 
salt to or by evaporating its aqueous solution it passes into isomeric 
urea (p. 43‘''). Similarly, cyanurates of primary and sccondar*^. 
changed into alkylated ureas, whilst those of the tertiary ^ *^^**^^8 remain 

unchanged. nilarlv 

The cyanates of the piimary and secondary' amines are converted 

into alkyl ureas, whereas the salts of the tertiary amines rr ° unchanged. 

Esters of Normal Cyanic Acid, Cyanetkolinef* 
known (A. 287 , 310). Imidocarbonic acid , A 445 ) Pro¬ 
duced when cyanogen chloride acts on sodi; ‘ alcohohe 

^'^^'^Eslers of Isocyanic Acid, Alkyl 

prepared these, in 1848, (i) byd'ethyl sulphate 


Wiirtz prepared 
with potassium isocyanate: 

(C,H,)KS 04 +KN:r" 


C,H4N:C0-|-K,S04. 
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Esters of isoc3ranimc acid are formed at the same time, in conse* 
quence of polymerization. (2) Isocyanic esters are also produced by 
oxidizing the carbylamincs with mercuric oxide: 

C,H8.NC+0=C,n,.N;CO; 

(3) by the action of silver isocyanate on alkyl iodides at low tem¬ 
peratures (together with esters of cyanuric acid, p. 463): 

C,H,I+AgN:CO=C,Hj,N:CO+AgI ; 

and (4) by heating the dry mercuric chloride double salt of the olkyl 
carbamine thiohc acids (p. 449) (A. 359 , 202): 

CjH^NH.CO.S.HgCl -^ CaH^NiCOH HgS-fHCl. 

These esters are volatile liquids, boiling without decomposition, 
and possessing a very disagreeable, penetrating odour, which provokes 
tears. They dissolve without decomposition in ether. On standing 
they pass rather rapidly into the polymeric isocyanuric esters. 

Isocyantc Methyl Ester, CHjNiCO, Methyl Isocyanate, Methyl Carbitnide, 
b.p. 44®. 

Isocyanic Ethyl Ester, CjHjNiCO, b.p. 60®. 

Isocyanic Allyl Ester, CaHgN.CO, b.p. 82“. 

Isocyanic Is^utyl Ester, CONCJl,, b.p. loi* 

Reactions. —In all their reactions they behave like carbimide 
derivatives, in which the alkyl group is united to nitrogen, (i) Heated 
with KOH they become primary amines and potassium carbonate 
(p. 159). This is the method Wurtz used when he first discovered 
them. 

(2) Acids in aqueous solution behave similarly: 

C,H»N;C 04 -Ha 0 +na==C 0 ,+C,HsNHj.HCl. 

(3) With the amines and ammonia they 5deld alkyl ureas (q.v.). 
4 ) Water decomposes them at once into CO2 and dialkyl ureas. In 
^is decomposition amines form first, CO2 being set free, and these 
^.Q^bine with the excess of isocyanic ester to dialkyl ureas {q.v.). 

Fatty acids convert them into alkyl primary acid amides 
(p. 27")' being simultaneously evolved. (6) Acid anhydrides 
convert i^em into alkyl secondary acid amides (p 27b). 

(7) The *^f isocyanic acid unite with alcohol, yielding esters of carbamic 

of ammonia the isocyanic esters are capable of combining 
directly with the acids. The products arc urea chlorides (p. 437), from 

which the isocyanic '^rs arc again separated by distillation with lime : 

HCl 

- >■ CbH^.HNCO.CI. 

Ca(OH), 

Glycocolhc Ester^I$ocyani% OaNCHjCOjCiHg, b.p.,5 115-120®, is obtained 
from glycocollic ester hydrocqyidc by excess of phosgene in toluene. Water 
converts it into rarbimtnodiaeZ-': acid, CO(NHCHgCO,H)„ m.p. 167®. Other 
amino-acids yield corresponding \xed urea derivatives (C. 1906, II. 671). 

Acetyl Isocyanate, OC:N.COCHfb.p. So®, is prepared by the action of acetyl 
chloride on mercury fulminate (p. 49). and on silver cyanate (B. 86 , 3214)- 
Alcohol and ammonia convert it into acetyl urethane (p. 436) or monoacetyl 

urea (p. 441}. 
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Methyl StUphonyl Isocyanate, CHsSOsN:CO, m.p. 31", 73 * 5 ^ 5 * {B. 88> 

aoi3). 

Carboxyethyl Isocyanate, CsH(OCO.N:CO, b.p. zx6^, is produced from nitrogen 
tricarboxvlic ester (p. 445) by means of PtOf. It unites with alcohol to form 
imido-carboxylic ester (p. 444); and with ammonia to form allophanic ester 
(p. 444). Water converts it to carboxyl diurethane (p. 445) (B. 39 , 686). 


CYANURIC ACID AND ITS ALKYLIC DERIVATIVES 


Just as with cyanic acid, so here with tricyanic acid, two structural 
cases are possible : 


(i)(HO)C=N-C(OH) (2)(H0)C-=N-C(OH) (3) OC—NH-C(OH) 

N=C(OH)—N Nil CO—N NH—CO—N 

Normal Cyanunc Acid. Intermediate Product. 

(4) OC—NH —CO 
NH -C'O-NH 

^ IsO' or Pbeudo-cyanunr Acid. 

Ordinary solid cyanuric acid, like cyanic acid, is most probably 
to be represented by an imide, tricarbimide, or isocyanuric formula 
(4) When titrated with sodium hydroxide and phenolphthelein in 
aqueous solution, it behaves as a monobasic acid, 5dcJding salts accord- 
into to formula (3). Two equivalents of alkali produce dibasic salts, 
corresponding with formula (2), which, on boiling, take up a third equi¬ 
valent of the mclal, and form stable, well-crystallizing tribasic salts, 
C3N3O3MC3 (formula i), some of which are only slightly soluble in water. 
Corresponding with these consecutive dcsmotropic transformations 
(p, 38), the temperature coefficient of the electrical conductivity 
(taken as of a monobasic acid) of an aqueous solution of cyanuric 
acid increases with increasing temperature : the acid becomes stronger 
by a change of constitution as from formula 4 to i (B, 39 , 139). Its 
behaviour as a “ pseudo-acid " is shown by the occurrence of isomeric 
mercury salts: O-mercury cyanurate C3N3(OHg)3, obtained from tri- 
sodium cyanurate .and mercury salts, is decomposed by alkalis 
N-mercury cyanurate, C303(NHg)3 is produced from free cyanuric 
and mercury salts, and is not decomposed by alkalis (B. 35 , 271^^ 

Esters can be obtained from all four formulse, but only %sc in 
which the alkyl group is united to oxygen can be decomposed hy alkalis 
(B. 38 ,1005). The cyanuric halides (p. 465) are derived from^rmula i. 

Cyanuric Acid, C3N3O3H3, was first observed by S:£eele in the 
dry distillation of uric acid. It is produced (i) by heatyfg tricyanogen 
chloride, C3N3CIS, or bromide (B. 16 , 2893) with wat^r to 120-130®, 
or with alibis. (2) Dilute acetic acid added to a solution of potas¬ 
sium isocyanate gradually separates primary p^assium isocyanate, 
C3N3O3H2K, from which mineral acids liberate cyanuric acid. (3) It 
is formed, also, (a) on heating urea [b) or ^^rbonyl diurea (p. 448); 
(c) on conducting chlorine over urea heatfd to i3o«-i4o®; (^ when 
urea is heated with a solution of phosgme in toluene to 190-230® 
(B. 29 , R. 866), 

(а) 3C0(NH,),=C,0,N,H,-l5jNH, 

(б) NH,CONH.CO.NHCON^f,^C,0,N,Ha j-NH, 

(«) 3ClH-3CO(NH|),==Csq,N,H,+2NH4a r HCl+N 
(d) 3COCI,+3CO{NH,),.=2C,ij,N3H,+oHCl. 
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The evidence in favour of a symmetrical structure for cyanuric 
acid depends on the successive substitution of the three chlorine 
atoms of cyanuric chloride by amido^, mcthylamido-, and ethylamido- 
groups, which always leads to the same acid-product, C3H3(NH2)" 
(NHCH3)(NH.C2H5), whatever the order in which the three groups 
are introduced (B. 32 , 692). 

Cyanuric acid crystallizes from aqueous solution with 2 molecules 
of water (C3N3O3H3+2H2O) in large rhombic prisms. It is soluble 
in 40 parts ol cold water, and easily soluble in hot water and alcohol. 
Wlien boiled with acids it decom2)oses into carbonic acid and ammonia ; 
when distilled it breaks up into cyanic acid. PCI5 converts it into 
tricyanogen chloride. 

Charactci istic salts of the tribasic cyanuric acid are the trisodium 
salt and the amethyst-coloured cuprammonium sedt (see above). 

Normal Cyanuric Esters are formed (i) by the action of cyanogen 
chloride on sodium alcoholales. 

(2) A simpler procedure is to act on the sodium aicoholates with 
C3"annnc chloride or bromide (B. 18 , 3263 and 19 , 20O3). 


Methyl Cyanuric Ester, m.p. i^5\ b.p. 2(53®. 

Ethyl Cyanuric Ester, m.p. b.p. 273®. 

The noimal cyanuric cstc-i-s on being digested with the alkalis, break up into 
cyanuric acul and alcohol. They combine with six atoms ot bromine. l^CIg 
converts them into cyanuric chloride. Boiling gradually changes them to 
isocyanuric esters. 

Partial hydrolysis of the normal cyanuric esters by NaOH or Ba( 01 i)j 
gives rise to normal dialkvl cyanuric acids, which, when heated, rearrange them¬ 
selves into dialkvl isocyanuric acids (B. 19 , 20O7); 

O Dimethyl Cyanuric Acid, C3N5(OCIl5)j.OH, m p. 160-180®, 0 -Dimethyl 
Cvanurtc Acid Chloride, CaN3(OCH3)2i 1 , m.p. is prepared from cyanuric 
cliloiide, methyl alcohol and zinc dust (B. 36 , 3195)* 

Esters of Isocyanuric Acid, Tricarbtmtde Esters, C303(NR)5, are formed 
together with the isocynnic estcia,.when the latter are prepared by tin* distillation 
S ^of potassium cyanate with salts of^Ikyl sulphuric acid (p 4O1) We have already 
'•^oken of their formation as a result of the molecular tr..iisposilion of the cyanuric 
^t^ers. Hence they are formed together with these, or appear in their stead in 
e^^-retic reactions— e.g. in the distillation of potassium cyanate with ethyl 
or w'hen silver cyanuiale is acted upon by alkyl iodides (B. 30 , 2616). 
suIphft^^^P solid ciystalhnc bo lus, soluble m water, alcohol, ;itu 1 ether, and may be 
J h(*v 'ii'^'-vithout decomposition, 'they pass into piiinary amines and potassium 
dislilli d boiled w’lth alkalis, similarly to the isocyan.itis: 

car ona e - C,03(NCH,)3-f-6K()Jl =3K2(.03 f sNIljC'H, 

\vanurtc Ester, Trimethyl Carbtmide, CjOadSClIa)^, m p. 176®, 
Methyl Isoc' ‘ 

b.p. 296®. Ester, m p. 95 ° b j). 276° It volatilizes 

Ethyl Jsocyanu’^ 

witli sttsira. Acid Esters. Methyl Cyanuric Dimethyl Ester, 

Mlzed n.-lsoeyanu. v o • 1 1 

CH prcpaied, together with other 

• ^C(OCHa)=N^^' "^and iodomethane by prolonged contact in the cold, 
bodies, from silver cyanate v '*V'.‘»d in the cold, and is hydiolyzcd by hydrochloric 
It can be sublimednindecomp?*-aU ^Tl3N(C803NjH2), m p. 200®. This also results 
acid into tp-meihyl cyanuric « ^arbonyl dimethyl urea (p. 445). 

from the action of boiling alkalis'^**'- ,ro_Ntri-f w 

m.p. n8®. 

tmet y yanuric Methyl Ester,, iodomethane in the cold. Hydrolysis 
is produced from silver cyanurate (CH,N),(C, 0 »NH), m.p. 222®, which 

gnes rise to Dimethyl tfr-Cyanuric Cyanuric acid (see above) (B. 88 , 1005). 
18 also obtamed by heating ».-dimethvl c\ • 
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Cyanuftc TnacetaU, CsN, 0 ,(COCHt)a, m.p. 175^ with dacompoaiticHi, is 
produced from silver cyanurate and acetyl chloride. 

Cyanunc Tncarbontc Ester, (C|NaOg)(COtCtHB), results from the polymeri¬ 
sation df cvanocarbonic acid ester (p 484) It is very slightly soluble, except 
m chloroform (B 88, zoio) 

Cyanuftc Irturea, (CjN30,)(C0NH,)„ is formed, together with cyanunc acid, 
when urea is heated to 200", or with cyanunc bromide It is amorphous and slightly 
soluble. It forms a irtsodtum salt, which crystallues with sHfi (B. 88» xoxo). 


HALOGEN COMPOUNDS OF CYANOGEN AND ITS POLYMERS 

The halogen compounds of cyanogen result from the action of 
halogens on metallic cyanides, such as mercury cyanide, and on aqueous 
hydrocyanic acid. The chloride and broimde condense to tncyanides 

—C “N—C—" 

in which the CsNa group | 1 constitutes the radical of 

• N =-C—N 

normal cyanunc acid. On account of their connection on the one 
hand with cyanic and cyanunc acids and on the other with hydrocyanic 
acid and its salts, the cyanogen halides can be looked on as being either 
halogen compounds of the anhydride of n -cyanic acid or the halogen 
imides of carbon monoxide, , 

HN =C CIN =C or CIC^ HOCi:=N 

Hydrocyin 0 Acid. Cyanogen Chloride n Cyanic Acid. 

Caflx)nyl Imidr 

The foimula X^<:C icceives substantiation from the fact that 
cyanogen halides easily yield hydiocyanic acid , also that the cyanogen 
chloride and alcoholic sodium cthoxide do not yield the normal cyanic 
ether (p 461), but imidocubonic ether, a reaction which is best ex¬ 
plained as taking place with the intermediate formation of NaNC and 
hypochlorous acid cstei (p 446) (C. 1092, I. 525, 862). Contrary to 
tins IS the reaction of cyanogen chlonde with meicaptides to form 
alkyl thiocyanates (p. 468), and with ammonia to produce cyanamide 
(p. 471). 

Cyanogen Chlorida, CNCl mp —5®, bp 15®, is produced by the action of 
chlorine on aqueous hydrocyanic acid or on a cold meicuric cyanide solution, 
or bcttei, on a solution of potassium cyanide and zinc sulphate (C 1907, 1. 
746) It IS a mobile liquid After some time it passes spontaneously into 
cyanunc chloride With ammonia it yields ammonium chloride and cvanamide, 
NHj NC Alkalis decompose it into metallic cvinides and isocyanates 

Cyanogen Bromide, CNBr, m p 52® bp 61®, is produced on adding a potassium 
cyanide solution drop by drop to bromine, when well cooled (B 29 , 1822). For 
the reaction of cyanogen bromide and tertiary amines, sec p 472, etc 

Cyanogen Iodide, CNI, sublimes at 45®, without melting, m brilliant white 
needles 

These compounds are spanngly soluble m water, but they dissolve 
readily m alcohol and ether. Their vapours have a penetrating odour, 
provoking tears, and act as powerful poisons, 

Cyanuric halidei are converted into cyanunc acid when heated 
with water. 

VOL. 1 .^ i B 
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< {SKy-s 

I, are formed when an 

(SK)=X 

alkaline solution of dithiocyanic acid is boiled with sulphur. The acid is struc¬ 
turally isomeric with xanthane hydride, which possesses a neutral reaction, into 
which it very rapidly changes in acid solution; Dimethyl Ester, CsN,S(SCH3)|, 
m.p. 42®, b.p. 279®, is decomposed by hydrochloric acid into CH5SII, NH4CI, 
and COa. The following shows the connection between these peculiar reactions 
(A. 331 ,265): 

NC S-CS\ HS—eSv 

3HSNC- > I f I >NH- > S-H >NH 

H S.C(NHr 

Thiocyanic Acid. \authane Hydride. Dithiocyanic Acid. 

^C(SK) —S Acids xCS— — — S 

■Nr I -^HN<: I 

^C(SK)=:N X:(NH)—S 

Dithiocyanate. Perthiocyanate. Xanthane Hydride. 

Cyanogen Sulphide, (CNS). and Pseudocyanogen Sulphide, are the yellow 
amorphous products which result when the alkali and alkali earth thiocyanates 
are oxidized. Cyanogen sulphide is also formed \%hen dry thiocyanates are 
treated with dry halogens, whilst pseudocyanogen sulphide, which appears to 
be a mixture of various substances in varying proportions, is obtained from an 
aqueous solution of thiocyanates with halogens, nitric acid. HsO,, or pcrsulphates. 
Cyanogen sulphide, and to a much smaller extent pseudocyanogen sulphide, 
when treated with water or sodium hydroxicle solution yields cananne, CgN^STH^O, 
a yellow substantive dye for cotton (one which does not require a mordant). 
It possesses a weakly acid reaction. Together with cananne there is formed 
a yellow, non-dying substance. CjN^HiSjO, which is decomposed by alkali 
sulphydratcs into thioammehnf>, (CIN)3(N1£4)2SH, and dithiomelanurenic acid, 
amtnodithiocyanuric acid, (CN)3(NHj)(SIl)2 (J. pr. Ch. [2] 64 , 439)- 

Alkyl Thiocyanates, esters of normal sulphocyanic acid are obtained (1) by 
distilling potassium thiocyanate with salts of sulphuric acid ethers or with alkyl 
iodides: 

KSCN 4 -C*H 6 l =C,I 1 aSCN + KI. 

Further, (2) by the action of CNCl on salts of the mercaptans: 

CjHjSK+CNa-^CaH.SrN + KCl. 

They are liquids, insoluble in water, and possessing a leek-like odour. Nascent 
hydrogen (zinc and sulphuric acid) converts them into hydrocyanic acid and 
mcrcaptans: 

CjHjS.CN-f Ha =HNC4-C2 Hb.SH. 

On digesting with alcoholic potassium hydroxide, potassium thiocyanate is formed, 
whilst the isomeric mustard oils do not yield any potassium thiocyanate. 
Boiling nitric acid oxidizes them to alkyl sulphonic acids (p. 146) willi separation 
of the cyanogen group. This would prove that the alkyl group in these bodies 
is linked directly to sulphur. 

Methyl Thiocyanic Ester, Cll^SC^, m.p. 133®, D(,=i*o8o. When heated to 
180—185® it is converted into the isomeric methyl isothiocyanic ester. This 
conversion is more readily effected witli allyl thiocyanate (see Allyl Mustard Oil, 
p. 470 ; C. 1901, II. TI15). 

Ethyl Thiocyanic Ester, C-JI^S-CN, b.p. 142®. 

Isopropyl Thiocyanic Ester, C'^K^SCN, b.p. 152®. 

Allyl Thiociocyanic Ester, C3H5S.CN, b.p. i6i*, and rapidly changes to 
isomeric allyl mustard oil. 

Thiocyanic Compounds derived from Aldehydes, Glycols, Hydroxy- 
Ketones and Hydroxy-Fatty Acids. 

Methylene Thiocyanate, DUhtocyanomethane, CHj(SCN)a, m.p. 107® (B. 7 , 
X282), is oxidized to methylene disulphonic acid (p. 210) (C. 1S98, 1 . 886). 

Ethylene Thiocyanate, Uithiocyanoethane, NCS.CHgCHfl.SCN, m.p. 90® (B. 88| 
1083). Ethylene Selenocyanide, m.p. 138® (B. 23 , 1092). 
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Thiocyanaeetone, CNSCH2.CO.CH8, D20—i‘i 8 o, is formed from 
barium thiocyanide and chloracetone (p. 224). It is an oil with scarcely 
any colour. It is somewhat soluble in water, and very readily soluble 
in ether. The alkali carbonates cause a rearrangement into methyl 

oxyihiazole, || ^.OH (B. 25 ,3648). 

HC— 


Thiocyanacetic Acid^ Sulphocyanaceiic Acid, CNS.CH|CO|H, is formed by 
the iiction ot chloracetic acid on KCNS. It is a thick oil; ethyl ester, b.p. 
about 220®, prepared from chlordcctic ester. 

On boiling the latter with concentrated hydrochloric acid, it takes up water, 

CH,—S V 

loses alcohol, and thiocyanacetic acid, I ^O, is formed (A. 249 , 27). 

CO—NH'^ 

Many of the reactions of this cyanacetic acid are better explained by the con¬ 
stitutional formula, SCNCH,COOH (or perhaps HC<^^>CHCOOH) (comp. J. pr. 
Ch. [2] 06 , 172). 

These heterocyclic bodies, derived from the products of the interaction of 
ammonium thiocyanate with a-chloroketones and a-chloro-fatty acids, belong to 
the class of thiazoles (Vol. II.). 

Mustard Oils, Esters of Isothiocyanic Acid, Alkyl Thiocarhimides. 

The esters of isothiocyanic acid, HN: CS, not known in a free 
condition, are termed mustard oils, from their most important repre¬ 
sentative. They may also be considered as sulphocarbimide deri¬ 
vatives. 

They arc produced (i) by the rearrangonient of the isomeric alt^l 
thiocyanates on the application of heat (p. 4(18) : 

CjHjSNC - > CjH^NCS. 

(2) From primary amines. These combine {a) with CS2 in ethereal 
solution to form alkyl ammonium alkyl dithiocarbamates (B. 23 , 282)- 
(6) On adding silver nitrate, mercuric chloride (B. 29 , R. 651) or ferric 
chloudc ( 1 : 5 . 8,108) to the aqueous solution of these salts, formed with 
primary ammes, and then (c) heating to boiling the metallic com¬ 
pounds fust precipitated, wheicby they are decomposed into metallic 
sulphides, hydrogen sulphide and mustard oils. 


.NHCjHb 






2CS=NC,H5 
Ag,S 4 -H,S ■ 


The mustard oil test for the detection of primary amines (p. 163) 
was worked out \>y A. W. Hofmann. 


Iodine, too, forms mustard oils from the alkyl-ammonium salts of the alkyl • 
dithiocarbamic acids (comp, isothiouranic disulphides). 


(3) By the action of dialkyl thioureas (p. 452) with phosphorus 
pentoxide (B. 14 , 985); and (4) from isocyanic esters and P2S5 (B. 
18 , R. 72). • 

Properties .—^The mustard oils are liquids, almost insoluble in 
water, and possess a very penetrating odour, which provokes 
tears. They boil at lower temperatures than the isomeric thiocyanic 
esters. 

Reactii>ns,-~^i) When heated with hydrochloric acid to loo^ or 
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with HgO to 200®, they break up into primary amines, hydrogen 
sulphide, and carbon dioxide (C. 1899, I. 885): 

C,H,NCS-|-2HaO=C,H,NH,+CO,+H,S, 

(2) When heated with a little dilute sulphuric acid, carbon oxy~ 
sulphide, COS, is formed, togellier with the amine. (3) When heated 
with carboxylic acids they yield alkylated acid amides and COS ; and 
{4) with carbonic anhydrides, diacidyl amides and COS (B, 26 , 2648). 
{5) Nascent hydrogen (zinc and hydrochloric acid) converts them into 
thioformaldehyde (p. 209) and primary amines: 

C^HjNCS-faHj^CSHs+CjHjNH,. 

(6) When the mustard oils are heated with absolute alcohol to 100®, 
or with alcoholic potassium hydroxide, they pass into sulphourethanes. 
(7) They unite with ammonia and amines, sdelding jlkyl thioureas 
(y.v.). (8) Upon boiling their alcoholic solution with IlgO or HgClg, 
a substitution of oxygen for sulphur occurs, wUh formation of esters 
of isocyanic acid, which immediately yield the dialkyl ureas when 
treated with water (see p. 440). (9) Consult A. 285 ,154, for the action 
of the halogens on the mustard oils. 

Methyl Mustard Oil, CHsNCS, Methyl Isothxocyansc Ester, Methyl Sulpho^ 
rarhimxde, m.p. 34“, bp. 119". 

Ethyl Mustard Oil, b.p, 133“, D,*=i*oi9. Propyl Mustard Oil, bp. 153®. 
Isopropyl Mustard Oxl, b.p. 137®. 

n -Butyl Mustard Oil, b.p. 167*. Jsobutyl Mustard Oil, b p 1O2**. 

Tert -Butyl Mustard Oil, b p 142°. n.-llexyl Mustard Otl, b p. Heptyl 

Mustard Oil, h,p. 238® (B. 29 , R. 651). Scc.-Octyl Mustard Otl, h.p. 232®, 

On account of its occurrence the following is noteworthy: sec.-Butyl Mustard 
C H 

Oil, CS:NCH<c»^», b.p. 159-5”. D„=o- 944, is found in the ethereal oils of spoon 

wort (or scurvy grass) (Cochlearta officxnaUs) ; it is dcxtro-rotatoiy to polarized 
light, and on decomposition gives a dextro-rotatory scc.-butylaniiue (C. 190X, 
II. 29). 

The most important of the mustard oils is the common or— 

Allyl Mustard Oil, Ally I luothiocyanic Ester, C3H5N : CS, b.p. 
Dio== I’Oiy, the principal constituent of ordinary mustard 
oU, is obtained by distilling powdered black mustard seeds {Sinapis 
nigra), or radish oil from Cochlearia armoracia, with water. Mus¬ 
tard seeds contain potassium myronate (see Glucosides, Vol. IL), 
which in the presence ot water, under the influence of a ferment, 
myrosin (also present in the seed), breaks up into dextrose, potassium 
hydrogen sulphate, and mustard oil. 

The reaction occurs even at 0°, and there is a small amount of allyl 
thiocyanate produced at tlie same time : 

C„Hi,KNO,oS,^C,HiaO, + KHS 044 -C,H,NCS, 

Mustard oil is artificially prepared by distilling allyl iodide or 
bromide with alcoholic potassium or silver thiocyanate {Gerlich, A. 
178 , 80 ; C, igo 6 , II, 1063): 

KSCN-f C,H,r*C,N,NCS4-KI ; 

a molecular rearrangement occurs here, 

Pure allyl mustard oil is a liquid not readily dissolved by water. 
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It has a pungent odour and causes blisters upon the skin. 'When 
heated with water or hydrochloric acid the following reaction ensues: 

C.H,NCS+ 2 H, 0 =C 0,4 h,s+c,h,nh. 

It unites with aqueous ammonia to form allyl thiourea (p. 452). 
When heated with water and lead oxide it yields diallyl urea (p. 440). 

Acyl Thiocarbtfntdes or Acyl ThtocyantUes, are produced by the action of fatty- 
acid chlorides dissolved in benzene on lead thiocyanate Acetyl Th%ocyanat$ 
T/uocarframidff, CH,CO(NCS) Valeryl rhtocarbximde,CJli^CO'i^CS{fi 29 , R 85), 
and Carboxethyl Thxocarbxmide C,H*OCO NCS b p >1 66® (B 29 , R 514), were 
obtained m this manner Amines combine with them to form either alkylamides, 
AcNHR and ammothiocyanatcs or acyl alkyl thioureas, AcNHCSNHR (C 1905, 
1 1098, 1906 II 773, etc ) 

Thlo- or sulphooyanurlo Acid, (HS),C,Ns, corresponds with cyannnc acid 
Isothiocyanunc acid is as little known as isocyanunc acid Thiocyanunc acid 
results from cyanunc chloride (p 466) and potassium hydrosulphide It consists 
of small yellow needles which decompose but do not melt above 200® 

Its esters result when cyanunc chloride and sodium mercaptides interact, 
and by the polymerization of the thiocyanic esters RS CN, when heated to i8o* 
with a little HCl More HCl causes them to split up mto cyanunc acid and 
mercapt ins 

Methyl Esters (CH|S),CsN, m p x88®, yields rnelarntne with ammonia 
(P 473) 2755) Monothiocyanurtc Dimethyl Ester (SH)(OCHj)jC,Nt, is 

prepared from O dimethyl cyanunc chlonde (p 464) and KSH When hydro¬ 
lyzed with HCl it yields monofhtocyanunc acid (HS){HO),C,N'„ which gives a 
characteristic mercury salt (B 36 , 3196) 

Isothiocyanunc Lsters (RN)sCsSs appear to have been formed by the poly¬ 
merization of mustard oils with potassium acetate (B 25 , 876) 
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Cyanamide, CN NII2 m p 40®, the mtnle of carbamic acid, absorbs 
water and passes mto urea, the amide of carbamic acid. It shows 
certain reactions, which would rather point to its being NH=C=NH, 
carbodttmide It is formed (i) by the action of chloro- or bromo- 
cyanogen on an ethereal or aqueous solution of ammonia (Btneau, 
1838 , Cloez and Cannizzaro, 1851): 

CNCl-f-2NH,=CN NH,+NH 4 C 1 , 

and also (2) by the desulphunzing of thiourea by means of mercuric 
chloride, lead peroxide, or mercuric oxide (B 18, 461, A. 381, 282) , 
or lead hydroxide in presence of alkalis (C 1897,1 367) : 

+HgO =CN,H, +Hgs +H,0 

(3) By mixing urea with thionyl chlonde: 

CO(NH,),-l-SOCl,=CN.H,-fSO,+2HCl. 

(4) Salts of cyanamide with sodium, calcium, e*tc, are prepared 
on a technical scale, and yield cyanamide when decomposed with acids: 

{a) Sodium amide and carbon or carbon compounds heated to 
400-600® produce sodium cyanamide (C. 1905* H- 1650, etc.): 

aNH,Na+C- > CN,Na,+4H. 
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At 8oo* another atom of carbon enters into reaction and sodium 
cyanide, NaNC, is produced (C. 1904, L 64). 

(6) Calcium carbide, mixed with certain substances such as calcium 
chloride, and when heated to high temperatures, absorbs nitrogen and 
is converted into calcium cyanamide (C. 1905, IL 1059 ; B. 40, 310, 
etc.): 

C,Ca + N, -^ CN,Ca+C. 

(c) Carbonates, such as these of barium and lead, react with 
ammonia at temperatures of incandescence, yielding metallic cyan- 
amides (C. 1913, L 677): 

PbCOj+2NH5 -CN,Pb+3H,0. 

Cyanamide forms colourless crystals, easily soluble in water, 
alcohol, and ether. If heated it polymerizes to dicyandiamide and 
tYicyantfiamide (melamine). 

Salts .—It forms salts with strong acids, but these are decomposed by 
water. It also forms salts with metals. An ammoniacal silver nitrate 
solution throws down a yellow precipitate, CN.NAg2,from its solutions. 

Reactions, —(i) By the action of sulphuric acid or hydrochloric 
acid, it absorbs water and becomes urea (p. 439). (2) HgS converts 
it into thiourea (p. 451), and (3) NII3 into guanidine (p. 455), whilst 
substituted guanidines are produced upon introducing the hydro¬ 
chlorides of primary amines. (4) Alcohols and hydrochloric acid 
change cyanamide into isourea-ether (p. 446). 


Mono*Alkyl CyanamldOS are obtained (i) by the action of cyanogen chloride 
on primary amines in cthcral solution, or from aqueous solutions of amines 
and potassium cyanide with bromine (C. igc6. II. 1046); (2) by heating alkyl 
thioureas with mercuric oxide and water. 


Methyl Cyanamide, CN.NHCHs, and Ethyl Cyanamide, CN.NHCjHi, are 
non-crystallizable, thick syrups with neutral reaction. They are readily con¬ 
verted into polymeric isomelamine derivatives. 

Allyl Cyanamide, CN.NHC,H(. called Sinamine, is obtained from allyl 
thiourea. It is crystalline and polymerizes readily into triallyl melamine. 

DIaikyl Cyanamides arc formed from CNJ 3 r, or KNC-+-Br (C. 1906, II. 1046) 
and sec.- bases ; also from silver cyanamide. C'N.NAg,. and iodo-alkyls. Further, 
from CNBr and tcrt.-amincs. whereby the first formed irialhyl cyanammomum 

^CN 

brimide, R.R'R'Nvg^. probably parts with hfomo-alhyl —the smallest of the 

alkyl radicals being lost. Alkyl and benzyl radicals, however, behave excep¬ 
tionally. and are split off even more easily than the methyl group (B, 36 , 1279). 
On the use of these methods for breaking down tertiary cyclic amines, see B. 40 , 
39x4. Dimethyl Cyanamide, Cyanodimethylamine, CN,N(CH,)|, b.p.i^ 68®; Ethyl 
Cyanamide, CN.N(CjHj),. b.p. 188®. is decomposed, when-boiled with hydrochloric 
acid, into CO,, NH, and diethylaminc NH(C,H5),. Cyanodipropylamine, 
b.p.i, 89®. Cyanodiamylamine, b.p.^, 130®, Treated with ammonia and 
sulphuretted hydrogen in alcoholic solution, the cyano-dialkylamines are easily 
converted into the corresponding thioureas (B. 82 ,1872). 

An example of a- dialkyl-.substifuted carbqdiimide is Di-n.^opyl Carbodi- 
tmide, C(ssN.CaHf),, b.p. 177®, which is produced from sym.-dipropyl thiourea 
and H ,0 (B. 26 , R. iSg). 

For the conversion of cyanamide into cyanamidocarbonic acid, cyanaxnido- 
dicarbonic acid, cyanamidodithiocarbonic acm, see pp, 445, 467. 
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AMIDBS OF CYANURIC ACID AND IMIDES OF ISOCYANURIC ACID 


Three amides are derived from cyanunc acid, and three imides from hypothetical 
isocyanunc acid, the pseudo- form of cyanic acid (p 463): 
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HN NH 

I I 

HN C C.NH 
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H 

Isocyanurotrumide 

Isomelamine 


Melamine, C \ ^nuramtde, CtNs(NH2)3 is obl-tined as thiocyanate by: 
(1) iht V ipid heating of ammonium thiocyanate (B 19 , R 340) (together with 
melam und melem), (2) the pol) meriration of cyanamide or dicyandiaxmde on 
heatinp to 150® (together with mclam) (3) by heating methyl tnthiocyanunc 
ester to iSo® with concentrated ammonia, and (4) by heatmg cyanuric (blonde 
to 100® with concentrated ammonia (6 18 , 2765) 

C,N,C 1 , t-6NH,=C,N,(NH,),+3NH4Cl 

Melamine is nearly insoluble in alcohol and ether It crystallizes from hot 
water in 'hming monoclinu pi isms It sublimes on heatmg and decomposes 
into mellon and NHj It forms crystalline salts with i equivalent of acid 
Molten potassium hydroxide converts it into potassium cyanate 

On boiling with alkilis or acids melamine splits off ammonia and passes 
successively into gllgNjO—CjN,(NHj), OH, a white powder msoluble 

in water, but soluble in alkihs and mineral acids (B 21 , R 7S9), Ammehde, 
Melanurenxc Actd CjH4N4()i—C8N2(NHj)(OH),, a white powder which forms salts 
with both acids and bases and finally cyanuric acid, CjN8(OH)s (B 19 , R 341) 

Melanurenlo Aeld is formed from mclam and melem (see below), when 
heated with concentrited IIAO4 (B 19 , R 341, 18,3106). 

Melam C 4lI,N,i-=[(NH,),C8N,]8NH (>), 

Melem, C 4H.N,o-[(NH,)C,N,(NH)]* (?), 
and Mellon, C.H^N, -C,N,(NH)aC,N, (?). 

arc formed by heating ammonium thiocyanate, the first tvo at 200®, and the last 
at red heat They are amoiphous white substances (B 19 , R 340) 

Alkyl Derivatives of the Melamines. 

Whilst melamine is only known in one form as cyanurotriamide, two senes 
of isomeric alkyl denvatives exist—obtained from normal melamine and hypo* 
thetical isomelamine: 

(I) CgN,(NHR'), and 

Noiiinl Alkyl lleUmmei 


(2) 

Isoalkyl M«Ui 
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These are distinguished from each other not only by the soanner of their 

preparation, but also by their reactions. 

(1) Normal Alkyl Melamines arc obtained from the trithiocyanuric esters, 
C|N,(S.Cn5)|, and from cyanuric chloride, CaNsCl|, upon heating with primary 
and secondary amines (B. 18 , R. 49S): 

C,N,C 1 ,+ 3 NH(CH,),-C,N,[N(CH,)J,. 

Heating with concentrated hydrochloric acid causes them to split up into cyanuric 
acid and the constituent alkylamines. 

Trimethyl Melamine, CjN^fNH.CHj),. m.p. 130®, dissolves readily in water, 
alcohol and ether. Triethyl Me amine, C,N,(NII.CgH5)3, cryst-llizes in needles, 
m.p. 74® C. 

Methyl Ethyl Melamine, CaH3(NHCtH5)(NHCH8)NHj, m.p. 176®, is prepared 
from cyanuric chloride by the successive substitution of NH,-, CH,NH-, and 
CjHsNH- groups, it being immaterial in which order the groups are introduced. 
On the significance of these compounds to the constitution of cyanuric chloride, 
sec p. 463. 

Hexamethyl Mclamtne, C3N’j[N(CH,)J,, m.p. 171®, Fexacthyl Melamine, 
C,N,[N(CgH3)2]s, is a liquid, which is decomposed by hydrochloric acid into 
cyanuric acid and 3 molecules of diethylamine. ■ 

(2) Alkyl Isomslamlnes arc formed by the polymerization of the alkyl 
cyanamides, CN.NHR' (p. 472), upon evapoiating their solutions, obtained from 
the alkyl thioureas on warming with mercuric oxide and water. They are 
crystalline bodies. When heated with hydrochloric acid they yield cyanuric 
esters and ammonium chloride (B. 18 , 2784). 

Trimethyl Isomelamine, CaNj(CH,)8(NH),+3H,0, m.p. 179®, anhydrous. It 
already sublimes at about 100®. Triethyilsomelamine^ C,N|(CjHj),(NlI),-f-4HjO, 
consists of very soluble needles. Consult Hofmann, B. 18 , 3217, for the phenyl 
derivatives of the mixed melamines (also amide and imide bodies). 


Cyanuramlne Chlorides. 

Cyanuramine DtcMortde, C3N3Cl2(NHs), corresponds with cyanuric monamide 
or ammclide (p. 473) or melanurcnic acid ; and Cyanurodtamine Monochlonde, 
CjNjCllNII,),, with cyanuric diamide or airmcline. The former substance is 
formed by the action of ammonia on an ethereal solution of cyanuric chloride; 
the latter by aqueous ammonia on the chloride. Similar conditions of experi¬ 
ment appli('d to methylamino and ethylamme give rise to the following sub¬ 
stances: Cvanuromethylamxne Dichloride, C3N,C1,(NHCH,), m.p. 161®; Cyanuro~ 
eihylamtne Dxchlonde, C3NjClj(NHC2Hj)j, m.p. 107®, Cyanuramxnomethylamine 
Chlorxde, C,N3C1(NH,)(NIICH3); Cyanuraminoethylamine Chloride, C,N,C 1 - 
NH(C2Hj)(N 1T2), m p. 176®; Cyaniiromethylaminoethylamxne Chloride, CgHgCl- 
(NHCH5)(NnCaH5)» ni p. 235®. Ethylamme, methylamino and ammonia convert 
the three last-named chlorides into methyl ethyl melamine, 

Cyanuramlne Hydrides, Guanamines. The hydrogen compound, hydrocyanuric 

acid or trihydrocyanic acid, corresponding with cyanuric chloride. 


is unknown. However, reduction of cyanuramine dichloride forms Monamino* 
hydrocyanuric Acid, CsNaHi-NH,. m p. 225®, whilst cyanodiamine monochloride 
yields diaminohydrocyanuric acid, Guanamines are the bases formed when 
fatty acid guanidine salts are heated to 22o®-23o®, whereby water and ammonia 
are driven off (Nenckx, B. 9 , 228). The simplest guanamine is formed when 
guanidine formate is heated, or when biguanide (p. 457) is acted on by chloro¬ 
form and potassium hydroxide solution (B. 25 , 535). This Formoguanamine, 

identical with diaminohydrocyanuric add 

(see above). Homologous guanamines are derived from this, by the replacement 
of the H-atoms in the CH- group by alcohol radicals. 

Aceioguanamine, CHiO^j^ m.p. 265®, is produced from guani¬ 

dine acetate. Concentrated sulphuric acid at 150® converts it into aceto- 
guknamide (comp. Acetyl Urethane, p. 436). 

-4 Ketenes, Carbomethenes, discovered by Staudinger in 1905, show a great 
•imilarity to the derivatives of isocyanic acid or the carbimides, such ae 



h 


KETENES 






alkyl isocyanates and acyl isocyanates (pp 461,462) By analogy ta 
they can be called carbomethenes: 

CO=-NCH, CO=CH, 

Methyl Isocyanate Ketene 

Carbo metbyknude Carbo metbeiM 

The ketenes can also be considered as internal anhydrides of monocarboxyhc 
acids, and are then comparable with carbon monoxide (p 267) 

They are prepared (z) by the action of zinc on a bromo-fatty acid bromides 
in mdifierent solvents: 

Zn 

CH,Br—COBr- >■ CH,=CO + ZnBr, 

Zn 

(CH,),CBr—CBr- > (CH,),C=.CO + ZnBr,. 


Also, by the action of tertiary anunes, such as triethylamme, on carboxylic acid 
chlorides, whereby hydrochloric acid is split oif, ketenes probably are formed, 
but they polymerize instantaneously (see below) 

(2) When the vapours of acetic anhydride are passed over a platmum wire 
heated electiically to redness or through an electric arc, ketenes are formed: 


CllfiO O COCH,- > 2CH,=:CO^ H, 0 . 

(3) By heatmg dialkyl malonic anhydnde (B 41 , 2208): 


a 


in,),c 



H-COj. 


Up to the present time the following members have been prepared: Ketene, 
''arbomethene, Cll, CO mp —151“, bp —5O®, a colourless, poisonous liquid, 
having an odour of chlorine and acetic anhydride Methyl Ketene, Carbomethyl 
Mcthene Carboethylidene CHsCH CO and Ethyl Ketene, Carboethyl Methene, 
Carhopropyhdtne, CO have only been obtained in ethereal solution. 

Dimethyl Ketene Carbodxmethyl Methene, CarboisopropyUne, (CH9)flC:CO 
(comp p 290) m p —97 5*^, b p 3 is a very mobile, wme-yeUow liquid. Diethyl 
ketene (C 2Hg),C,COt, b p 92” is a yellow liquid 

Reactions —the lower members are only stable at low temperatures, but 
some\\h'\t more so m solution They polymerize \^ith extraordmary ease 
spont incoubly or under the iniluence of zinc bromide or tertiary ammes Ketene 
gives ribe to dehydracetic acid and dimethyl ketene to tetramethyl-GyclobiUane-dtone : 

4 CH 2 CO-CgH.O, (CH 8 ),C CO- > (CH8)4C40, 

The ketcncb show none of the characteristic ketone reactions Like the 
carbimidts they easily combine w ith water to form carboxylic acids or anhydrides; 
with alcohols to carboxylic esters, with ammoma or ammes to carboxylic acid 
amides 


CH,N«CO 

CHjN^CO 

CHjN^CO 


HjO 

- >■ CH,NHCOOH, etc. CH.^CO 

C HjOH 

- > CH .NHCOOCH J CH ,=CO 

NH, 

- >■ CHsNHCONH, (p 461), CHj'-CO 


H|0 

- > CH.COOH 

C-HijOH 

- > CHjCOOCjHn 

NH, 

- > CHjCO NH, 


Bromine is taken up to form a biomo fatty acid bromides 
In contradistmction to the lower ketenes, dimethyl ketene combmes with 
tertiary ammes such as pyridine, quinoline, etc, to form stable bodies, 
CgH5N[(CH,)8C:CO}t an oil, C8H7f(CH8)iC - CO],, m p 83?^ which, when boiled 
with hydrochloxic acid, form complex intermediate compounds and ultimately 
break down into the amine and isobutync acid Stable compounds are also 
formed with substances possessing the group —CsN— (isocyanates, mustard 
oils, Schiff s bases) Oxygen is absorbed to form a very explosive peroxide 
(A 866 , 51. B 41 , 1025) Closely connected with the ketenes v> carbon suboxtda, 
C3O9, obi lined from malonic acid and described with it (p 487). See also 
diphenyl ketene and dipkenylene ketene (Vol 11 .). 
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zo. DIBASIC ACID, DICABBOXTLIC ACIDS 


A. PARAFFIN DICARBOXYLIC ACIDS, OXALIC ACID SERIES, 


The acids of this series contiiin two carboxyl groups, and are there¬ 
fore dibasic. They differ very markedly from each other on the 
application of heat, dcpenrlipg upon the position ot the carboxyl 
groups. Oxalic acid, CO2H.CO211, the first member of tlic series, breafe 
down on heating chiefly into CO2, CO and water, and in part into CO2 
and formic acid. The nature of the latter decomp<)sition is cha¬ 
racteristic of all those homologues of oxalic acid, in which the two 
carboxyls are attached to the same carton atom—tlic ]8-dicarboxylic 
acids, e,g, malonic acid, CH2(C02H)2. The latter acid and all mo»o- 
and di^alkyl malonic acids decompose on heating at the ordinary pressure 
into acetic acid (also mono- and di-alkyl acetic acids) with the elimina¬ 
tion of CO2. Malonic acid is the type of these adds : 

CH,<^q*”=CH..CO,H+CO,. 

Malonic Acid. Acetic Acid. 

On the other hand, when the two carboxyl groups are attached to 
adjacent carbon atoms, as in ordinary or ethylene succinic acid, 
CO2H.CH2CH2.CO2H, and in the alkyl ethylene succinic acids, these 
y-dicarboxylic acids, when hej^fted, do not give up CO2, but part with 
water and pass into anhydrides, which can also be prepared in otlier 
ways, whereas the anhydrides of the malonic acids are not known 
(p. 488). Ethylene succinic acid is the type of these acids: 

CHjCOOH CHjCO. 

1 -I >0+H,0. 

CHaCOOH CU^ay 

BthylPnp Succime Succinic Anhydride. 

Acid. 


Glutaric acid, or normal p5n‘otartaric acid, CO2H.CH2.CH2.CH2.- 
CO2H, in which the two carboxyl groups are attached to two carbon 
atoms, separated by a third, behaves in this manner. Like succinic 
acid, it yields a corresponding anhydride when it is heated. All 
acids, which can be regarded as alkyl glutaric acids, behave 
analogously: 


^CHaCOaH 
Glutaric Acid. 


Glutaric Anhydride. 


When the carbon atoms, carrying the carboxyl groups, are separated 
by two carbon atoms from each other— e.g, adipic acid, C02H,CH2.- 
CH2.CH2.CH2.CO2H—they do not influence one another on the appli¬ 
cation of heat- Adipic acid volatilizes undecomposed. 

Therefore, the* numerous paraffin dicarboxylic acids are arranged 
in different groups, and, after oxalic acid, the malonic acid group, the 
succinic acid group, and the glutaric acid group will be discussed. 
Then will follow adipic acid, suberic acid, sebacic acid and others 
which do not belong to any one of the three acid groups mentioned 
above. 
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Formation. —^The most important general methods are— 

(1) Oxidation of (a) diprimary glycols, (i) primary hydroxyalde- 
hydes, (c) dialdehydes, (a) primary hydroxyacids, and {e) aldehyde 
acids (p. 400): 

—^ 

CHjOH ^ COOH CHO ^ CO,H ^ CO,H 

in.-OH ^ CH,oH ino ^ coh ^ io,H 

Glycol. GlycolUc Acid. ^lyoxal. Glyozylic Add. Oxalic Add. 

The dibasic acids are also formed when the fatty acids, CnH2nOs, 
and the acids of the oleic acid series, as well as the fats, are oxidized 
by nitric acid. Certain hydrocarbons, CnH2n, have also been converted 
into dibasic acids by the action of potassium permanganate. 

(2) By the reduction of unsaturated dicartoxylic acids: 

CHCO,H CH,CO,H 

1l +2H- I 

ClICOaH CHjCOjU 

Fuinanc And. Ethylene Sucunic Acid. 

(3) When hydroxydicarboxylic acids and halogen dicarboxylic 
acids are reduced. 

Nucleus-syntheiic Methods of Formation ,—^Thcse are very numerous. 

(4) When silver in powder form (B. 2, 720) acts on mono-iodo 
(or bromo ) fatty acids : 

CHjCIIjCOjIl 

2i.rnjCH,( 0,11 f 2Ag= I H-2Agi. 

ClIjCHjCOjH 

/l-Iodopropiomc Arid. Adipic And. 

See tridlkyl-glutaric acids for the abnormal course of this re¬ 
action when a-bromisobutyiic acid is used. 

(5«) Conversion of mon(*halogen substituted fatty acids into cyan- 
derivatives, and boiling the latter with alkalis or acids (pp, 252 and 
280): 

CH,<^”»“+2H.O=CH,<^g|“+NH,. 

Cyanacetic Acid. Malonic Acid. 

(56) Conversion of the halogen addition products of the alkylenes, 
Cfillsn* into cyanides and the saponification of the latter : 

Clh CN CHj.COjH 

I •f4H,0= I -I- 2 NH,. 

CH,.CN CHa.COjH 

Only the halogen products having their halogen atoms attached to two 
different carbon atoms can be converted into dicyanidest 

Since dicarboxylic acids or their esters or anhydrides can be reduced 
to hydroxycarboxylic acids or their lactones (p. 372) by means of ^ 
nascent hydrogen (from sodium and alcohol, electrolysis, etc.), and * 
these can be converted into cyanocarboxylic acids, vid halogen-car¬ 
boxylic acids, it follows that these processes provide a means for the 
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synthesis of progressively higher members of the dicarboxylic add 
series: 


CO,H.CO,H - > CH,OH.CO,H - > CH,ClCOtf! - > CN.CH,CO,H 

-^ COjH.CH,CO,H. 

(5c) y- and rf-Lactones, when heated with potassium cyanide and 
subsequently hydrolyzed, are converted directly into a higher add 
(comp. p. 373) (C. 1905, IL 755) : 

(CH,),C.CO,R H (CH,),C.CH,v knc {CH,),C.CH,.CN roh 

I - > I >0 - > I - 

H,C.CO,R H.C.CO / HjCCOOH “C* 

(CH3),C.CHa.CO,R h (CH,),C.CHa.CII. 

I -^ I \ 

HjC.COjR CHj.COO 

(6) In the synthesis of the mono- and di-alkyl malonic acids it is 
of the first importance to replace the hydrogen atoms of the CH2 group 
of the malonic acid in its esters by alkyl groups, just as was done in 
the case of acetoacetic ester (p. 413). This reaction will be more fully 
developed in the malonic acid group (p. 487). 

(7) By the electrolysis of concentrated solutions of the potassium 
salts of the dicarboxylic acids mono-alkyl esters (see electrolj^is of 
the mono-carboxylic acids (pp. 73, 83, 253): 

CHjCOjCjHs CHjCOaCalls 

2 I -|-2H,0= I -{-2CO,-h2KOH4-2H. 

COjK CHjCOaCjHg 

Potassium Ethyl Succinic Ethyl 

Malonatc. Ester. 


(8) A very general method for the sjmthesis of dibasic acids is 
based upon the decomposition of /5-ketone dicarboxylic esters. Acid 
residues are introduced into the latter and the products decomposed 
by concentrated alkali solutions (p. 415); 

Acetomalonic Ester Malonic Acid. 

CHjCO.CHCOjC^ 11 j CH»CO,H 

CHjCO^C.TIj ^ CHjCOjH 

Acetotuccinic Ester. Succinic Acid. 


(9) Tricarboxylic acids, containing two carboxyl groups attached to 
the same C-atom, split off CO2 and yield the dibasic acid. Ethane 
tricarboxylic acid 5delds succinic acid, and isobutane tricarboxylic 
acid gives rise to unsym.-dimethyl succinic acid, etc. 

Isomerism .—The possible structural isomers of the dicarboxylic 
acids depend upon whether the two COOH groups are attached to 
two different carbon atoms or to a single atom. Isomers of the 
first two members of the series— 

» 

COjH >CO,H 

(I) I and{2)CH,<' 

CO,H VOjjH 

OsuUc Acid. lUlfrcJe AcM. 



DERIVATIVES OF THE DICARBOXYLIC ACIDS 


are not possible. For the third member two structural cases 
exist: 


yCOjH 

and CHg.CHC 


CHfiOtH 

(!:h,co,h 

Ethylene Dicarbozylic Acid, Bthylidene Dicarboxylic Add, 
Sucanic Acid Isosuccinic Acid 


COgH 


There are four possible isomers with the formula 
etc.; all are known: “ 


CHgCOjH 

( 4 ) 

Glutaric Acid, 
ll•P3rrotartanc Acid. 


CHgCOgH 

(!;hco,h 

in, 

Ord Pyrotartanc 
Acid. 


CH(CO,H)| 




H. 


:h, 

Ethyl Malonte 
Acid. 


CH, 

i(co.H), 

TH, 

Dimethyl Malonic 
Acid. 


(5) The fifth member of the series, the acid C4Hg(C02H)2, has nine 
possible isomers ; all arc known : 

(а) Adipic acid—C02H[CH2]4C02H. 

(6) a- and )8-Methyl glutaric acid. 

(c) Sym.- and unsym.-dimethyl succinic acid, and ethyl succinic 
acid. 

(i) Propyl, isopropyl, and methyl ethyl malonic acids, 

(б) Theie are twenty-four imaginable isomers of the sixth 
member—the acids CgHio^COgHjg (A. 292 ,134). 

Nomenclature (p. 42).—Whilst the names of the older dicarboxylic 
acids— e.g, oxalic, malonic, succinic, etc.—^recall the occurrence or 
the methods of making these acids, the names of those acids which 
have been S5mthetically picpared from malonic esters are derived from 
malonic acid, e,g. methyl malonic acid, dimethyl malonic acid. The 
names of the alkyl ethylene succinic aetds, etc., have been derived from 
ethylene succinic acid. 

The Geneva names ” are deduced, like those for the mono- 
carboxyhc acids, from the corresponding hydrocaibons; oxalic acid= 
[Ethane-diacid] ; malonic acid=[Propane-diacid]; ethylene succinic 
acid—[Butane-diacid]. The bivalent residues linked to the two hy¬ 
droxyls are called the radicals of the dicarboxylic acids— e.g. CO.CO, 
oxalyl; CO.CH2.CO, malonyl, and CO.CH2.CH2.CO, succinyL The 
melting points of the normal dicarboxylic acids exliibit great regularity: 
the members containing an even number of carbon atoms melt higher 
than those with an odd number (Baeyer, p. 62). 

Derivatives of the Dicarboxylic Acids —^It has been indicated 
in connection with the monocarboxylic acids (p. 233) what denvatives 
of an acid can be obtained by a change in the carboxyl gioup. As 
might well be expected, the derivatives of the dicarboxylic acids are 
much more numerous, because not only the one group, but both 
carboxyls can take part in the reaction. The heterccychc derivatives 
of the ethylene succinic and glutaric acid groups are particularly 
noteworthy; they are the anhydrides (p. 476) and the acid imides, \ 

CH C^) 

c,g. succinimtde, \ Nnh, and glutarimiic, qo^NH. 

have been previously mentioned. 
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OXALIC ACID AND ITS DERIVATIVES 

_ t 

(1) Oxalic Acid, [Ethane-diacid], C2O4H2 {A cidum oxalicum) , 
m.p. anhydrous, 189®, hydrated, loi®, if rapidly heated (B. 21,1901), 
occurs in many plants, chiefly as potassium salt in the different varieties 
of Oxalis and Rumex, The calcium salt is often found crystallized in 
plant cells ; it constitutes the chief ingredient of certain calculi. 

The acid may be prepared artificially (i) by oxidizmg many carbon 
compounds, such as sugar, starch, etc., with nitric acid. 

Frequent mention has been made of its formation in the oxidation 
of glycol, glyoxal, glycollic acid and glyoxylic acid (pp. 312, 477). 

(2) From cellulose : by fusing sawdust with potassium hydroxide 
in iron pans at 200-220®. The fused mass is extiacted with water, 
precipitated as calcium oxalate, and this is then decomposed by 
sulphuric acid (technical method). 

(3) It is formed synthetically by {a) rapidly heating sodium formate 
above 440® (B. 15,4507): the addition of sodium hydroxide, carbonates 
or oxalates enable the reaction to take place at 360®, and more com¬ 
pletely (C. 1903,11. 777 ; 1905, II. 367): 

HCOONa COONa 

= 1 +H,: 

HCOONa COONa 

by (6) oxidizing formic acid with nitric acid (B. 17, 9). 

(4) By conducting carbon dioxide over metallic sodium heated to 
350-360® (A. 146, 140): 

2COj-fNa5 C\04Na,. 

CO2 and potassium hydride yield a mixture of potassium formate 
(p. 237) and oxalate. 

(5) Upon treating the nitriles, cyaiiocarbonic ester and dicyanogen, 
with hydrochloric acid or water respectively : 

CN (' 0 ,H CN 

COjCaH, CO,H CN 

History. —At the bcf'inning ot the seventeenth century salt of sorrel was 
known, and was considered to be a vaiiety of argol. Wtegleb (1778) recognized 
the peculiarity of the acid contained in it. Scheele had obtained the free oxalic 
acid as early as 1776 by oxidizing sugar with nitric acid, and showed in 1784 
that it was identical v'ith the and of the salt of sorrel. Gay-Lussac (1829) dis¬ 
covered that oxalic acid was formed by fusing cellulose, sawdust, sugar, etc., 
with potassium hydroxide. This process was introduced into practical manu¬ 
facture in 1856 by Dale. 

Constiitdion. —Free oxalic acid crystallizes with two molecules of 
water. The crystallized acid is probably ortho-oxalic acid, C(OH)3.- 
C(0H)3 (p. 235)^. Ortho-esters of the acid C2(OR')® arc: not known, 
but esters do exist, which are derived from the non-isolated half-ortho^ 
oxalic acid, C(0H)3.C02H. 

Properties and Reactions, —Oxalic acid crystallizes in monoclinic 
prisms, which effloresce at 20® in diy air. Large quantities of the acid, 
introduced into the system, are poisonous. It is soluble in 9 parts 
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of water at ordinary temperatures, and fairly easily in alcohol, and 
with difficulty in ether (C. 1897, I. 539). Anhy^ous oxahc acid 
ciystallizes from concentrated sulphunc and mtnc acid (B. 27, R, 80), 
and can be employed as a means of bringing about condensation, 
on account of its power of abstracting the elements of water from the 
substance to be condensed (B. 17, 1078). When carefully heated to 
150® the anhydrous acid sublimes undecomposed, (i) Rapidly heated 
it decomposes into formic acid and carbon dioxide, and also into COg, 
CO and water: 

C,H, 04 =CH, 0 ,+C 0 , , C,H, 04 =C 0 ,+C 0 +H ,0 

(2) An aqueous oxalic acid solution under the influence of light and au 
decomposes into CO, H ,0 and m the presence of sufficient oxygen H, 0 , (B 
27 , R 496) 

(3) Oxalic acid decomposes into carbonate and hydrogen by fusion 
with alkalis or soda lime : 


C, 04 K,- 1 - 2 K 0 H= 2 KjC 0 ,+H. 

(4) Heated with concentrated sulphuric acid it yields carbon 
monoxide, dioxide and water 

(5) Nascent hydiogen converts it first into glyoxylhc acid (p 400) 
and then into glycolhc acid (p 362) 

(6) Concentiated mine acid slowly oxidizes oxahc acid to CO2 and 
water However, potassium permanganate in acid solution rapidly 
oxidizes it, a reaction which is used in volumetiic analysis 

Pcrsulphates in acid solution and in piestnct of silver salts oxidize 
oxalic acKi veiy energetic illv This reaction constitutes a quantitative 
method toi detei mining tht actu e oxygen of pei sulphates (B 38, 3963) 

A solution of m<-rcuiic chloride and ammonium oxalate rapidly 
decomposes, m the light and m absence of oxygen, mto carbon dioxide 
and calomel (B 38, 2602) 

(7) PCI5 changes oxalic acid into POCI3, CO2, CO, and 2HCI. 
It has also been possible to icplacc 2CI by O in certain orginic di- 
chlondes by using anhydious oxalic acid (p. 272) SbCls, however, 
and oxalic acid yield the compound (COOSbCl4)2 (A, 239, 285 , 253, 
IT2 , B 35 , 1119). 


The oxalates, excepting thobc with the alkali metals are almost insoluble in 
water 

D% potassium Oxalate C,04K,H-H,0 Mono potassium Oxalate C,04HK dis¬ 
solves with moie difficulty than the neutral salt and occurs in the juices of plants, 
such as Oxalis and Rumex Potassium Petoxalate, C3O4KH C,04H,4’2H,0 

D% ammonium Oxalate C,04(NH4),*f H ,0 consists of shining rhombic 
pnsins which occur in laevo And dexiso hemihedral crystals {Q 18 , 1 ) 94 , C 1905, 
II 885) Calcium Oxalate C j04CaH-H,0, is msoluble in acetic acid and serves 
for the detection of cilcium and of oxahc acid both of which arc determined 
quantitatively in this form. Ihe stiver saii, C,04Ag4 explodes when quickly 
heated 

Oxalic acid yields crystalline compounds with substances containing oxygen, 
such as cinnamic aldehyde, cmeol and dimethyl pyront (Vol II ) (B 35 ,1211). 

'Irimercunc Acetic Acid H0Hg(Hg40)C COOH and Mercarbide HOHg- 
(HgiO)C C(HgjO)UgOH (comp p I16) arc derivatives of oxahc acid They 
are obtained when acetic acid or alcohol is heated with HgO in the presence 
of alkalis They consist of white powders of basic character Mercarbide is, 
very stable towards reagents but explodes violently when heated above 
(B 88,1328, 86,3707. 88,3654) , ^ ^ , * 

Oxalic Csters —The acid and neutral esters of oxalic acid 

VOL. I. 2 
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simultaneously when anhydrous oxalic acid is heated with alcohols. They are 
,;»eparatcd by distillation under reduced pressure {Anschutz, A. 254 » i) 

CO,C,H, 

Ozalle Mono-ethyl Ester, | , bP ii Oxalic «.• 

CO,H 

Propyl EsUr, CO,.C*H,.COjH, b.p.i, 118®, Preserved in sealed tubes, the 
alkyl oxalic acids decompose into anhydrous oxalic acid and the neutral 
esters. Distilled at the ordinary temperature, they break down mainly into 
oxalic ester. CO,, CO and HjO, and in part to CO, and formic esters. 

Oxalic Methyl Ester, Cg04(CH,),, m.p. 54*, b.p. 153®, 

Oullo Ethyl Ester, b.p. 186*, is formed upon heating oxomalonic ester 
(B, 27 , 1304). See p 427 for its conversion into carbonic ester. Oxalic ester, 
under the influence of sodium ethoxide, condenses with acetic ester to form 
oxalacetic ester, COjCjTIc.CO.CHj.COjCjIIs, and with acetone to acetone oxalic 
ester comp, {chelidontc acid). Zinc and alkyl iodides convert the oxalic ester into 
diaikyl oxalic esters (p. 338). 

Oxalic ester unites wdth hydroferrocyanic acid to form a well-crystallizing 
compound {COOC',H5),.H4Fc(CN), (B. 84 , 2692), With SbCI, ethyl oxalate 
forms Cl4SbCjH40CO.COOC,H5(SbCl4), (B. 85, U2o). 

COOCH, 

Eth^ene Oxalic Ester, \ I , m.p. 145®, b.p.f 197® (B 27 , 2941). 

COOCH, 

Half-ortho-oxalle Acid Xi^i\V9X\i^%,— I)ichloroxalic Esters: When PCI5 acts 
on the neutral oxalic esters, one of the doubly-linked oxygen atoms is replaced 
by 2CI atoms: 

COOCjH, CCl,OC,Hg 

I +PCI,-| +POC 1 ,. 

COOCjII, COOCjHg 

These products are called dichloroxalic esters (B. 28 , 6i, note). When 
fractionated under greatly reduced pressure, they can be separated from unaltered 
oxalic ester. Distilled at the ordinary pressure, these esters decompose into 
alky] chlorides and alkyl oxalic acid chlorides (see below). 

Dichloroxalic Dimethyl Ester, CC\j{OC\^ b.p.j, 72®. D,<,= i’359r. 

Dichloroxalic Diethyl Ester, b.p-i, 85®. Dichloroxalic Di-n-Propyl Ester, b-p.^^ 107®. 

Ethyl Dichloroxalic Chloride, COCl.CCIj.OCaHj, b.p. 140°, results from tri- 
chlorovinyl ethyl ether. CCl,: CClOGjlI^, by absorption of oxygen (A. 308 , 324), 

Half-ortho-oxahc Esters are produced by the interaction of dichloroxalic 
esters with sodium alcoholates in ether : 

C0,C,H4.CCl,0C,H4-f2C,H40Na=C0,C,H4.C(0C,H4),-h2NaCI. 

Tetramethyl Oxalic £j/tfr,C(OCHj),.COOCH,,b.p.ij76®;D = i*i3i2. Tetraethyl 
Oxalic Ester, b.p.n 98® (A. 254 , 31). 

The anhydride of oxalic acid is not known. In attempting to prepare it 
CO, and C (5 are produced. However, the chlorides of the alkyl oxalic acids, 
and probably oxalyl chloride, are known. 

Chlorides of Alkyl Oxalic Acid are obtained by the action of POCl, on potas¬ 
sium alkyl oxalates, and of SOCl, on alkyl oxalic acids (B. 37 , 3678). It is 
most practically prepared by boiling dichloroxalic esters under the ordinary 
pressure until the evolution of the alkyl chloride ceases (A. 254 , 26). They 
show the reactions of an acid chloride (p. 269). With benzene hydrocarbons 
and AlgCl, they yield phenyl glyoxylic esters and their homologucs (B, 14 , 
1689 ; 29 , R. 54 ^ • C. 1897, I. 407). 

Methyl OxMc Chloride, COCX.COjZ^^, b.p. 119*; Dj,=»i'33i6. Ethyl Oxalic 
Chloride, COC 1 .CO,C,Hb, b.p. 135®; D«ii‘2223. n-Propyl Oxalic Chloride, b.p. 
153 ®. Isobutyl Oxafic Chloride, h.p. 164^, Amyl Oxalic Chloride, b.p. 1^4^. These 
are liquids with a penetrating odour. Oxalic Mono-ethyl Ester Anhydride, 
(C,H40C0.C0)a0, b.p.^gg i 35 ^ is prepared by heating ethyl oxalic chloride and 
sodium acetate together, and fractionating the product of reaction (C. 1900. II. 174). 

Oxalyl Chloride, CgOflClg (?). b.p, 70®. It has not been obtain^ ^ee from 
POCl,. It is said to be formed when three molecules of phosphorus penta- 
chloride act on (COOC|Hg)a (B. 25 , R. xxo). 
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AMIDES OF OXALIC ACID 


Oxalic acid yields two amides: oxamic corresponding with the 
mono-ethyl oxalic ester, and oxamtde, corresponding with oxalic diethyl 
ester. Oxxtmde can be mcluded with these : 


COOCjH, 

I 

COOH 
Ethyl Oxalic 
Acid. 


CONH, 

« 

doOH 

Oaaxnlc 

Acid 


COOC,H, CONH, 

I I 

COOC.H, CONH, 

Oxalic Oxamide. 

Ester 


Oxamie Acld» 


m.p. 2X0** with decompositioa 



Oximida. 


Its ammonium 


bdJt {Balard, 1842) is produced (i) by heating ammonium hydrogen oxalate, 
(2) from oxamide . (and (3) by boiling oxamic acid esters with ammonia (B. 19 » 
3229 , 22,1509) Hydrochloiic acid precipitates oxamic acid from its ammonium 
salt as a diliicultly soluble ciystallme powder 

Its esUfs result from the action of alcoholic or dry ammoma on the esters 
of oxalic acid . • 

Lthyl Oxawte Jester, OxametHane, CONH| COOCgHg, m.p. 114* (Boultay 
and Dumas, 182S) Ihe behaviour of oxamethane towards PCI, is important 
theoretically, bt.causc at first it yields ethyl oxamino-chlorxde, oxamethane Monde, 
a derivative of half-ortho-oxahc acid (comp Dichloroxalie Ester, p 482). This 
splits off a molecule of HCl and becomes ethyl oximido chloride, and bv the loss 
of a second molecule of HCl passes into cyanocarbomc ester (p. 484) (Wallach, 
A 184 , 1 ) : 


COOC,H, 

COiSiHa 

OxamethaAie 


PCI. COOCjH. 

' I 

C( lj,NH, 

Ethyl Oximmo 
chloride 


-HCl^ COOCjH, 

CCl-NH 
Ethyl Oxit lido 
chlondt 


-HCl COOCjH. 

‘ I 

c=:n 

Cyanocarbonle 

Ester. 


Oxamini Tnmethyl Ortho-I •iter, CONHj C(0CH3),, mp 115*, is formed on 
heating half ortho-oxalic methyl ester with anhydrous methyl alcoholic ammonia. 
Methyl Oxamic Acid, CONH(C H,) CO|H, m p ia6® 
rthyl Oxamic Acid, CONH(C,H5)CO,H, m p 120® 

Diethyl Oxamic Acid, Diethyl Oxamethane, CON(C3H5),CO,H, bp 254®, is 
pioducerl by the action of diethylamine on oxalic esters. It regenerates 
dielhylamme on bemg distilled with potassium hydroxide. A method for separat¬ 
ing the amines (p. x6i) is based on this behaviour. 

Oxanihc Acid (see Vol. II) 

COy 

Oxaltmtde, I >NH (?), is obtamed from oxamic acid by the aid of PCU or 

CO^ 

PClgO (B 19 , 3229) The molecule is probably a double one 


Oxamide, C202(NH2)2. separates as a white, crystalline powder, 
when neutral oxalic ester is shaken with aqueous ammonia {1817, 
Bauhof). It is insoluble in water and alcohol. It is also formed on 
heating ammonium oxalate (1830, Dumas ; 1834, Ltehtg) ; and when 
water and a trace of aldehyde act on cyanogen, C2N2; or by the 
direct umon of hydrocyanic acid and hydrogen peroxide: 

2HNC+Ha02=C202N2H4. 

Oxamide is partiallysublimedwhenheated,thegreaterpart,however, 
being decomposed. Vhien heated to 200® with water, it is converted 
into ammonium oxalate. P2O5 converts it into dicyanogen, concen¬ 
trated sulphunc acid, into ammonium sulphate, CO2 and CO (B, 89,57). 

Alkyl oxamtdes aie produced by the action of the primary ammes 
on the oxalyl esters. 
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sym.-IHmethyl Oxamide, (CONHCHj),. tn.p. 210*. 

' vym.-Duihyl Oxamide, (CONC,H,)„ m.p. 179®. 

Tetramethyl Oxamide, [CON(CHj)j],, m.p. 80*, is obtained from dimethyl 
urea chloride by the action of sodium (B. 28 > B. 234). 

Oxanilide (Vol. II.). 

PCI5 converts these alkyl jxamides into amide chlorides, which lose 3HQ 
and pass into glyoxalive derivatives (Wallach, A. 184 , 33 ; Japp, B. 16 , 2420): 
thus diethyl oxamide yields chloroxalomethyline, and diethyl oximide yields chloroxah- 
ethyline : 

CONHCHs aPCl- CClgNHCH, 

I -^ I 

CONIICHs Cn.NHCH, 

Dimethyl Diraothyl 

Oxamide. Oxamide 

Tetrachloride. 

Oxamidoacetic Acid, Amidoxolyl GlycocoU, NHjCO.CONH.CHjCOgH, m.p. 
224-228® with drcompo‘?ition, and Oxalvl Diglycocoll, Oxamidodiacetic Acid, 
COtHCITa.NHCOt'ONH.CHjCOall, are formed from oxamethane and oxalic 
ester and j;lycocoll respectively (B. 30 , 580). 

Diethyl Dimtro-oxamide, , m.p. 35°, is decomposed 

by dilute sulphuric acid to form ethyl n^tiamine (C. 1898, I. 373). 

Hydrazides and Hydroxyamides of Oxalic Acid, Semx-oxamazide, Oxamime 
Hydroxide, NHjCOCONH.NH,, m.p. 220® with decomposition, is pn pared 
from oxamethane and hydrazine. Similarly to scmicarbazidc, it gives condensa¬ 
tion products with aldt'hvdes and ketones (B. 30 , 585). 

Oxalic Hydroxide, NHj.NIJCOCO.NHNlI,, decomposes at about 235°, and 
turns brown. It is formed when hydrazine hydrate acts on oxalic ester. It 
unites with acctoacetic ester io form bis-acetoacetic ester oxalhydrazone, 
(C,H,oOa) : NNHCOCONlfN:(C',H,o02) (B. 40 , 711). 

The reaction products of diazoarctic acid (p. 405) can be looked* on as being 
cyclic hydrazine derivatives of oxalic acid ; they yield hydra/ine and oxalic 
acids when hydrolyzed. 

Hydroxyl Oxamide, NH,COCONH.OH, m.p. 159*. is formed from oxamethane 
and hydroxylamine. 

Acetoxyl Oxamide, NHaCOCONlI oroCIIj, m.p. 173®, when heated with 
acetic anhydride to no® is decoinjiosed into cyaniiric acid (p 463) and acetic 
acid (A. 288 , 314 ; comp. C. 1901, II. 210, 402). AmtdoAtme Oxalic Acid, 
HOOC.C(NOH)NH, (A. 321 , 357 ). 


aHCi CClrNCH, 

—^ I 

CChNCH, 

Dimethyl 

Oximide 

Dicbloride. 


•HCl CH—N(CH>)v 
—> H 


H 

CCl— 

ChloFoxalmetbylin. 


NITRILES OF OXALIC ACID 

Two nitriles correspond with each dicarboxylic acid : a nitrilic acid, 
or a half-nitrile, and a dinitrile. The nitrilic acid of oxalic acid is 
cyanocarbonic, cyanoformic, or oxalonitrilic acid, and it is only known 
in its esters. Dicyanogen is the dinitrile of oxalic acid. The connec¬ 
tion between these nitriks and oxalic acid is shown by their formation 
from the oxamic esters and oxamide through the elimination of water, 
and their conversion into oxalic acid by the absorption of water and 
the loss of ammonia: 

COOC.Hg - -HjO COOCiH. CONH, -aH,o CN 

I -^ I I -> I 

CONH, rs CONH, CN 

Oxamethane. Cyanor arbonic Ethyl Ester. Oxamide. Dlcyano(0B. 

Cyanoosrbonie Esters, Cyanoformic Esters, Nitrilo-oxahc Esters, are produced 
during the distillation of oxamic esters with P|Oj or PCI (p. 483), as well as 
from cyanimidocarbonic ether. Cyanocarbonic Methyl Ester, CN.COjCHj, 
b.p 100®. Cyanocarbonic Ethyl Ester, b.p. Ii5*. These are liquids with a 
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penetrating odour. They are insoluble in water, which slowly decomposes 
them into € 0 ,, hydrocyanic acid, and alcohols. Zinc and hydrochloric acid 
convert them into glycocoll (p. 385). Concentrated hydrochloric acid breaks 
them down into oxalic acid, ammonium chloride, and alcohols. Bromine or 
gaseous HCl at 100® converts the ethyl ester into the polymeric cyanuric tri¬ 
carboxylic esters (p. 465). 

Cyanimtdocarhonto Acid Ethers, Oxalic Nitrile Imido Ether, CN.C(: NH)OC,Hb, 
b.p-ao 50“, IS prepared from cyanogen chloride or bromide and water, alcohol, 
and potassium cyanide ; also from potassium cyanide, water, and ethyl hypo¬ 
chlorite (p. 141). when the followmg intermediate compounds must be assumed : 

KNcCOC^H. KNC KNiC.OC.Hj H ,0 HN:COC,H, 

KN:C+C,H,OCl- > \ -> | - > \ 

Cl C 1 C:NK CN 

This reaction points to K N:C being the formula for potassium cyanide, 
since it is hard to represent it with the formula KCN (A. 287 , 273) Cyanimido- 
carbonic acid ether forms a yellow, sweet oil, possessing, at the same time, a 
pungent odour. Concentrated hydrochloric acid converts it into ammonium 
chloride and cyanocarbonic acul ester. 

Chloreihyl Ifmdoformyl Cyanide, Oxalic Nitrile Ethyl Imidochloride, 
rCK:C(: NCjHglCl, bp. 126®, is prepared from cyanogen chloride and ethyl 
isocyanide (A. 287 , 302). 

Cyanorthoformte Ester, Triethoxyacetonitrile, Ortho-oxaloniinlic Ethyl Ester, 
CN.CCOC^H.la, bp. 160® (A 229 , 178). , 

Trimtro-acetonitnle, CNC(N02),. m p. 4i'5®. explodes «t 220® (see fulminuric 
acid, p. 250) 

Dicyanogen, Oxaloniinlc, [Ethane Dinitrilc], CN.CN, b.p. —21°, 
D=o'866 (liquid), is present in small quantity m the gases of the blast 
furnace. -It was obtained in 1815 by Gay-Lussac by the ignition of 
mercury cyanide. The cliange proceeds more readily by the addition 
of mercuiic chloride: 

llg(CN)i=C,N, + Hg Hg(CN),+HgCl,*=C,N,-hHg.Cl,. 

Silver and gol I cyanides behave similarly. Dicyanogen is most readily 
prepared tioin jiotassium cyamdc, by adding giadually a concentrated aqueous 
solution ol 1 pait KNC to 2 parts cupric sulphate in 4 parts o£ water, and then 
h'^atmg. A 1 hist a yellow precipitate of copper cyanide, Cu{CN)2, is produced, 
but it immediately breaks up into cyanogen gas and cuprous cyanide, CuCN 
(B. 18 , K. 321): 

2CuS04+4KNC=Cu,(CN)a+(CN)3-l2K2S04. 

Its preparation by heating ammonium oxalate, and from oxamide 
and P2O5, IS of theoretical interest. 

Pfoperlies and Reactions. —Cyanogen is a colourless, peculiar¬ 
smelling, poisonous gas. It may be condensed to a mobile liquid at a 
temperature of —25°, or by a pressure of five atmospheres at ordinary 
temperatures ; at —34® it forms a crystalline mass. It bums with a 
bluish, purple-mantled, flame. Water dissolves 4 volumes and alcohol 
23 volumes of the gas. 

On standing the solutions become dark and break down into ammonium 
oxalate and formate, hydrogen cyanide and urea, and at the same time a brown 
body, the so-called axulmic acid, C4H4N5O, separates. With aqueous potassium 
hydroxide cyanogen yields potassium cyanide and isocyanate. In these reactions 
the molecule bceaks down, and if a slight quantity of aldehyde be present in 
the aqueous solution, only oxamide results. Oxalic acid is produced in the 
presence of mineral acids, C,N,-h4Hg0==C,04H,+3NH,. When heated with 
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concentrated hydriodic acid it is converted into glycocoll (p. 3B5). Cyanogen 
unites with acetyl acetone (p. 350), with sodium acetoacetic ester (p. 4x8), and 
with sodium malonic ester (p. 4H8). 

Paracyanogen .—On heating mercuric cyanide there remains a dark substance, 
paracyanogen, a polymeric modification, (CtNg)n. Strong ignition converts it 
again into cyanogen. It yields potassium cyanate with potassium hydroxide. 

Thloamides of Oxalic Acid. Rubeanic Acid, Dithio-oxamide, CSNH,.CSNH,, 
and Flaveanic Acid, Cyanothioformamtde, CS.NHj.CN, m.p. 87-89®, with de¬ 
composition, are formed when II jS and cyanogen interact. They can be separated 
by means of chloroform, in which rubeanic acid is soluble with difficulty, 
and which deposits the flaveanic acid in the form of yellow, transparent, 
flat needles (A. 254 , 262). Kubeanic acid forms yellowish-red crystals. Primary 
bases cause the replacement of the amido-groups by alkyl amido-groups (A. 262 , 
354). Aldehydes unite with rubeanic acid, with elimination of water (B. 24 , 
10x7). Chrysean, C4H5N,Sg, is prepared from KNC and H.jS, or thioformamide, 

CH—Sv 

HCSNHg, and probably possesses the formula || ^C.CSNHg (B. 36 , 

HgNC- 

3546). Thio-oxalic Acid, HSCO.COSH (C. 1903, I. 8x6). 

Dlamldo-oxalle Ethers result from the action of apimonia on dichloroxalic 
esters, but have not yet been obtained in a pure condition. Aniline and dichlor¬ 
oxalic ether in cold ethereal solution, yield Dianilido-oxalic Ether, COyCgHsC- 
(NHCgHg)jOCgH5, a thick liquid, soluble in ether. At o® hydrochloiic acid 
precipitates from this ethereal solution the hydrochloride, COgC'2lIjC(NIlCgHj- 
HCl)gOC|Hg. Mixed diamido-cthers can be obtained by allowing anhydrous 
ammonia gas to act on a cooled, ethereal solution of monophenylimido-oxalic 
acid dimethyl ether. In this way Amino-anilido-oxalic Methyl Ester, 
COgCHa.C(NHg)(NHC.H6)OCHj, is obtained, m.p. 215®. 

Imldo-oxalie Ethers: Mono-tmido-oxalic Ether, : NIl)OCgHg, 

b.p.tg 73°, results from the action of a calculated amount of ^^-hydrochloric 
acid on di-imido-oxalic acid (A. 288 , 289). Phenylimido-oxaiic Methyl Ether, 
C0,CH,.C(=N.C,H5)0CH8. 

Di-imido-oxalic Ether, CgHjO.(NH)C—C(NH).OCjH5, m.p. 25°, b.p. 170®. 
Its hydrochloride is obtained on conducting HCl into an alcoholic solution of 
cyanogen (B. 11 , 1418) (comp. p. 281), 

Oxalamidine, Nll2(NH)C—C(NI1)NH2, results from the action of alcoholic 
ammonia on the hvdrocbloridc of oxitnido-ether (B. 16 , 1^55). 

HN:C.NliNHa 

Carhohydraztdine, Oxalodi-imide Dihydragide, \ , forms white, 


NH:C.miNHa 

flat needles, which assume a reddish-brown colour on healing and do not melt 
at 250®. It results from the union of cyanogen with hydrazine. Dibenxal 
Carhohydraztdine, m.p. 218® (J. pr. ('h. [2] 60 , 253), 

Oxalodihydroxamic Acid, [C ; (NOHjOHJj, m.p. x65°, results from oxalic ester 
and hydroxylaminc (B. 27 , 709. 1105). 

Oxalodiamidoxime, [C(N.OH)NIIJj, m.p. 196®, with decomposition. It is 
formed when NHaOH acts (i) on cyanogen (B, 22 , X 93 x)» (- 2 ) on cyananiline 
(B. 24 , 801), (3) on hydrorubeanie acid (B. 22 , 2306); dibertzoyl derivative, 
m.p. 222* (B. 27 , li. 736). 

Chloroximido-aceiic Ester, Ethoxalo-oxime Chloride, CO*C,H5.C{: NOH)Cl, 
m.p. 80®, is obtained from chloracetoacctic ester by means of fuming nitric acid ; 
and when concentrated hydrochloric acid acts on nitrolacctic ester (B. 28 , 
1217 ; 89 , 784). Similarly, chloracetoacctic ester and diazobenzene chloride yield 
chlorophenylhydrazido-acetic ester, oxalic ester, phenylhydrazido-ckloride, COaR.C- 
(:NNHC8H5)a (C. 1902, II. 187). 

Nitrolacetic Ester, Ethoxalonitrolic Acid, C08C,H5.C(:N0H).N08, m.p. 69®, 
is prepared from isonitroso-acctoacetic ester and nitric acid of sp.gr. 1*2 (B. 
28,12x7). 

Formazyl Carboxylic Acid, COaH.C*^^ , m.p. 162®, when rapidly 

heated, is produced when its ester is saponifled. The ester results from the 
action of diazobenzene chloride (x) on the hydrazone of mesoxalic ester, 
(2} on sodium malonic ester, and (3) on acetoacetic ester, whilst oxalic acid 
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breaks down into formic acid and CO,, formazyl carboxylic acid decomposes into 
formaxyl hydride (p. 244) and CO, (B. 25 , 3175. 3201)- 
. Ureides of Oxalic Acid, Parabanic acid, and Oxaluric acid will be considered 
' together with the derivatives of uric acid (4.V.). 



THE MALONIC ACID GROUP 

Malonic Acid [Propane Diacid], CH2(C02H)2, m.p. 132®, occurs; 
as its calcium salt in sugar-beets, (i) The acid was discovered in 1858, 
by Dessaignes, on oxidizing mEilic acid, C02H,CH(0H).CH2C02H, 
with potassium bichromate (hence the name, from malum, apple), and' 
quercitol with potassium permanganate (B. 29 , 1764). It is also 
produced (2) in the oxidation of hydracryhc acid, and (3) of propylene 
and allylene by means of KMn04. (4) Kolhe and Hugo Muller obtained 
it almost simultaneously (1864) by the conversion of chloracetic acid 
into cyanacetic acid, the nitrile acid of malonic acid, and then saponi¬ 
fying the latter with potassium hydroxide. {5) By the decomposition 
of barbituric acid or its malonyl urea (6) Malonic ester and 

CO are formed in the distillation of oxalacctic ester (j.v.) under the 
ordinary pressure (B. 27 ,795). 

Preparation. —One hundred grams of chloracctic acid, dissolved in 200 grams 
of water, are neutralized with sodium carbonate (no grams), and to this 75 
grams of pure, powdered potassium cyanide are added, and the whole carefully 
heated, after solution, upon a water-bath. The cyanide produced is hydrolyzed 
either by concentrated hydrochloric acid or potassium liydroxide (B. 13 , 1358; 
A. 204 , 225*; C. 1897, I. 282). To obtain the malonic ester directly, the cyanide 
solution is evaporated, the residue covered with absolute alcohol, and HCl gas 
led into it (A. 218 , X31), or it is treated with sulphuric acid and alcohol (C. 1897, 

1. 282). 

Properties. —Malonic acid crystallizes in triclinic plates- It is 
easily soluble in water and alcohol. Above its melting point it de¬ 
composes into acetic acid and carbon dioxide. Bromine in aqueous 
solution converts it into tribromacetic acid and CO2, whilst iodic acid 
changes it to di- and tri-iodoacetic acid (p. 489) and CO2. 

Salts.—Barium salt, (C3H204)BaH-2H20 : calcium salt, C3H204Ca- 
+2H2O, dissolves with dithcultyincold water : silversalt,C^^4^g2> 
is a white, crystalline compound. 

Ester. Malonic Mono-ethyl Ester, b.p.,| 147*’, is decomposed at higher 
temperatures into CO,, acetic ester, acetic acid, and diethyl malonate : potas¬ 
sium salt is prepared from the neutral ester and one molecule of alcoholic potas¬ 
sium hydroxide. Electrolysis of this produces succinic ethylene ester (pp. 478, 
492) (comp. C. 1900, II. 171 ; 1905, II. 30, where also are found ester-acids of 
alkyl malonic acid). 

The neutral malonic esters are made by treating potassium C3ran- 
acetate or malonic acid with alcohols and hydrochlorjp acid. These 
compounds are of the first importance in the synthesis of the poly- 
carboxylic acids, because of the replaceability of the hydrogen atoms 
of the CH2-group by sodium. ; 

History. —^This property was first observed in 1874 by van*i Hoff, Sr. (B. 
1383)* the possibility of obtaining the malonic acid homologues, by megiift 
of it, was indicated. The comprehensive, exhaustive experiments begun in 
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x^79 by Conrad first demonstrated that malonic esters were almost as valuable 
as the acetoacetic esters in carrying out certain synthetic reactions (pp. 412, 415) 
(A. 204 , T21). 

The methyl ester, CHj(C02Cna)2» b.p. 181“ ; ethyl ester, b.p. 198® ; D,, i'o68. 
By the action of sodium cthoxule on it the Na-compounds, CHNa(CO,C,H4)2 
(p. 490) and CNajilCOjCjHg), (?), result. The malonic esters possess the character¬ 
istics of weak acids (B. 17 , ^78^; 24 , 2889: 32 , 1876: 36 , 2O8). Aluminium 
Malonic Ester, Al[CH(C02C'all8)la. m.p. 95°, is formed by the action of aluminium 
amalgam on malonic ester (C. 1900, 1 . 12). 

Reactions of Malonic Ester and its Salts, —Iodine converts both sodium 
malonic esters into ethane and ethylene tetracarboxylic esters (q.v.). Sodium 
malonic ester, when electiolyzed. yields ethane tetracarboxylic ester (B. 28 , 
R. 450). Alkyl halides convert the sodium malonic esters into esters of malonic 
acid homologues (B. 28 , 2616). When sodium acts on mnlonic ester at 70-90®. 
alcohol is given off. and there is formed the di-sodium compound of acetone 
tricarboxylic ester. This substance acted on by sodium malonic ester at 145®, loses 
two molecules of alcohol, whereby tri-sodium phloroglucinol carboxylic ester is 
formed (Vol. II.) (B. 32 , 1272): 

C0,C,H8CHNa.CNa(C02C,HB),-fCHNa{C02C,HB), 

=C,0,N‘a,(C0,C,H,),+2C,H,0H. 

Malonic ester condenses with aldehydes under the influence of acetic anhy¬ 
dride, hydrochloric acid, sodium ethoxidc, or small quantities of ammonia 
diethylamme and piperidine. In the last case an intermediate product is formed 
—alkylidene piperidine, which is convci ted by malonic ester into alkylidene bis- 
malonic ester (B. 31 , 2585). 

The free malonic acid also condenses with aldehydes and with some ketones, 
when heated with acetic acid, acetic anhydride, or pyridine ; water and CO, are 
split off and unsaturated carboxylic acids are formed (pp. 290, 305). 

ap-o\efmc aldehydes, a^-ok*lme ketones, and ap-olcfine carboxylic esters 
unite with sodium malonic ester, a syntlu'sis in which the NaC(C02H), residue 
joins with the jS-carbon atom, and the H-alom with the a-carbon atom. The 
aldehyde groups of the olefine aldehydes iiivler these conditions unite also with 
two molecules of malonic ester (comp. A. 330 , 323). 

Cyanogen combines with malonic ester in presence of a little sodium ethoxidc 
to form cyanimtdo-di-isosuccimc ester, NC.C(NH)CH(CO,C2Hg)2, and di-imido- 
oxalyl dimalomc ester, (C2H20C0),CllC'{NH).C(NH)CH(C02CgU8)2. 

Diazobcnzene chloride and malonic ester yield mesoxalic ester phenylhydrazone 
(q.v.). 

PO 

Malonic Anhydride, CH,<C^q^' 0 . is not known (comp. p. 47b). 

Carbon ^n]iOx\d^vDioxoalleyie,Ca>hon Dicarbonyl, CjOg.m.p. —io 8 ®,b.p, -f7®, 
D**o—I ■ 113 7. is produced when malonic ester, or. better, malonic acid, is heated with 
PjO, (O. Diels, B. 41 , 82): It may be looked on as being a double malonic anhy¬ 
dride. In behaviour it resembles most nearly the ketenes (pp. 474, 475), and 
is therefore to be looked on as carbon <licarbonyl or dioxoallene: CO=C=CO; 

• ^ ^ ^ 

it may also be considered as being p-hydroxypropiolic lactone, C ^>0 (B. 41 , 

925). Carbon suboxide polymerizes at ordinary temperatures to a dark-red solid 
mass. Water regenerates malonic acid ; ammonia and aniline produce malon- 
amide and maloanilidc. liydrochloiic acid forms malonyl chloride; bromine 
produces dibromomalonyl bromide which reforms carbon suboxide by the action 
of zinc in ether (B. 41 , 90b): 

—2H,0 ^Br 

CH,(COOH), :;^I 2 Cin?:CO=C=CO; CO=C.=CO . BrCOCBr.COBr. 

+ aH,0 ^ 32^ 

Chlorides of Malonie Aeld. 

Malonyl Chloride Monoethyl Ester, CO,C,H,.CH,COCl, b.p.,, 69®, is prepared 
from ethyl potassium malonate and PCI,; or malonic ester and SOCl, (B. 26 , 
*» C. 1905, II, 30 ; also for homologous chloride esters). 

Malonyl Chlonde, CHg(COClj2, b.p.,, 58®, is formed by thc^ action of SOCl, 
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OH malonic acid> together with the monochlofide, HOCOCHtCOCl, m.p. 65 *> 
with decomposition (B. 41 , 2208). 

Malonamide Mono$thyl Ester, COaC,HB.CH«CONH4, m.p. 50^ is formed when 
malonic ester imido-ether hydrochloride (see below) is heated; also from malonyl 
chloride mono>cster and ammonia (B. 28 , 479 ; C. i 905 » 3 °)* 

Malonamide, CH,(CONHj)j. m.p.170®. Malonic Hydroxide, CH3(CONH.NHt)t, 
m.p. 134°, reacts with aldehydes and ketones with loss of water (B. 89 , 337 «; 
41 , 641). 

Nitriles of Malonic Acid : Cynacetie Acid, Nttrilomalonic Acid, half nitrile of 
malonic acid, CN.CHj.CO2H (p. 4K7), m.p. 70® (B. 27 , R. 262), dissolves very 
readily in water, and at about 165® breaks down into COj and acetonitrile (p. 
280). Cyanaceitc Ethyl Ester, CN.CHj.COjCjH,, b.p. 207® (for preparation, see 
C. 1905, I. J50), forms sodium derivatives like malonic ester (C. 1900, II. 38), 
by means of which the hydrogen of the CHj-groups can be replac^ by alkyls 
(B. 20 , R. 477) and acid radicals (B. 21 , R. 353). Cyanacetamide, CN.CHj.CONHa. 
is prepared from the ester and ammonia, m.p. xi8®. Cyanacetyl Hydroxide, 
CNCHjCO-NHNH,, m.p. 1x4® (J. pr. Ch. [2] 51 , 1S6). 

Cyanacctic ester unites witli alcohol and hydrochloric acid to form malonic 
ester imido-ether hydrochloride, C2ll50C0.CHjC(:NH.HCl)0CjH4, which, on 
digestion with alcohol, yields the half ortho-ester of acid malonic ester (comp. 
Ortho-ester, p. 284). iThe latter loses alcohol and passes into the acetal of car- 
homethane carboxylic ester, called Diethoxyacrylic Ester, (CjHj0)2C»CH.C02CjHj, 
b.p.|2 128®. This substance, when shaken with water, is converted into malonic 
ester; bromine produces an oily dibromide, and with an increased quantity, 
dibromo malonic ester (B. 40 , ^358). 

Malononltriie, Methylene Cyanide, CH,(CN),, m.p. 30®, b.p. 218®, is obtained 
by distilling cyanacetamide with PjOj (C. 1897, I. 32). It is soluble in water. 
Ammonia^al silver nitrate precipitates CAg2(^^t) fz'om the aqueous solution 
(B. 19 , K. 485). Hydrazine and malonomtrile yield Diamidopyraxole, 
C3N2H2(^I^8)* 27 , 690) (see also cyanoform). Methenylamidoxime Acetic 

Acid, Ny ,(nON); C.CHaCOaH, m p. 144® ( 13 . 27 , K. 2bi ; A. 321 , 357 )- Nitrilo- 
malonimxdoxime, Cyanethenylanndoxime, CN.CH2C(;NOIl)NH2, m.p. 124—127®. 
Malondihydroxamic Acid, CHj(C(: NOH)OH 32 » m.p. 154® (B. 27 , 803). Malon- 
diamidoxime, CH2.[C(: N.OH)NH2]a, m.p. 163-167® (B. 29 , 1168). 

The ureides of malonic acid and cyanaceftc acid will be treated later in con¬ 
nection with uric acid (9 w )• 

Halogen-substituted Malonic Acids are formed by the action of chlorine or 
sulphuryl chloride, bromine or iodine and iodic acid on malonic acid or its esters. 
Such malonic and alkyl malonic acids (see below) easily part with COj ai^d form 
a-halogen fatty acids, some of w’hich are conveniently prepared in this way (B, 
35 , 1374 1813; 39 , 351). Monochloromalonic Acid, CHCl{COOii)2$ ethyl ester, 
b.p. 222®. Monobromomalomo Acid, CHiiT{COO'ti)^, b.p. 113®, wi^ decomposi¬ 
tion ; methyl ester, b.p. 215-225°. Dichloromalonic Acid, CClj(COOH)t: ethyl 
ester, b.p. 231-234® ; amide, m.p. 203®. Dibromomalonic Acid, CBr2(COOH)*, 
m.p. 147®, with decomposition; dimethyl ester, m.p. 64°. Dibromomalonic 
Nitrile, m p. 65° (C. 1897. I- 32). Dibromomalonyl Bromide, b.p.^ 92® (see p. 
48S. (aibun Suboxide). Dtbromomalonamide, m.p. 200.® Di-iodomalonic 
Acid, Cl2(COOH)a, is prepared from malonic acid, iodine, and iodic acid in formic 
acid. It IS extremely unstable; methyl ester, 80®, can be obtained from 
dibromomalonic ester and KI. 

The mono- and di-halogen malonic acids serve as a connecting link between 
malonic acid and tarironic and mesoxaltc acids» Monobromo- and mono-iedocyan- 
acetic Esters, CN CHXCOjR, are obtained from sodium cyanacetic ester with 
bromine or iodine in the cold. At higher temperatures dicyanosuccmic ester and 
tricyano-trimcthylcne tiicarboxylic esters are formed (C. 1900, 11 . 38, 1202). 

Monothio-his-malonic ester, S[CH(COjR),]j, Dithia-bis-malonic Ester, 
S,[CH(COaR)J„ and tri-thio-bis-malonic ester, Sjt.CH(COjI^i]t> ar® formed from 
malonic ester and SjCl, (6. 36 , 3721). 

Alkyl Malonic Acids.—The general methods suitable for tbi 
preparation of alkjd malonic acids are (i) reaction 5a (p. 47?)# con¬ 
version of a-halogen fatty acids into a-cyano-fatty acids—^tiw half 
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nitriles of the malonic acid homologues ; and (3) reaction 6 (p. 478), 
the replacement of the hydrogen atoms of the CH2 group in the malonic 
esters by alkyls. First, with the aid of sodium ethoxide, or sodium in 
ether (J, pr. Ch. 72 , 537), monosodium malonic esters are made, which 
alkyl iodides convert into mono-alkyl malonic esters. These are 
further able to 3deld monosodium alkyl malonic esters, wlxich alky- 
logens change to dialkyl malonic esters— e.g.: 


COAHg CO.C.Hg 


CH. - 
CX),C,H5 

Malonic Ethyl 
Ester. 


^CHNa - 

I 

CO.CjH, 
Sodium M ilonic 
E‘»ter. 


CO,C,H, 

> CH.CH, - 

CO.C.Hb 
Methyl Malunic 
Ester. 


CO.C,H, 
> CNaCH, - 

I 

CO.CaH. 

Sodium Methyl 
Malouic Ester. 


> 


CO,C,H, 

CO,C,H. 

Dimethyl 

Malonic 

Ebtcr. 


It has previously been mentioned under acetoacetic ester (p. 412) that the 
reaction consists lu the addition of sodium ethoxide to the carboxethyl group, 
with the splitting-ofi of alcohol and the production of a double union, to which 
the alkylogen attached itself, followed by the elimination of a sodium halide 
(A. 280 , 264): 




ICH, r> CHj 

^ c,h,o5>C-CH- 


A^ONa _^ 

o<, 9 ^* o 


Alkyl malonic esters are also formed when alkyl oxalacetic esters lose CO* 

(B. 31 , 5.51). 

Some of tJiose dialkyl malonic acids are formed when complex carbon deriva¬ 
tives are oxidized— e.g, dimethyl malonic acid results from the oxidation oi 
unsym -dimethyl ethylene succinic acki, me&^ionic acid, camphor, etc. The pro¬ 
duction of (limcthyl malonic acid in this manner proves the presence, in these 
bodies, of the atomic grouping— 



All mono- and dialkyl malonic acids, when exposed to heat, lose COg 
and pass into mono- (B. 27 ,1177) and dialkyl acetic acids (p, 476). 

Sec Z. phys. Ch. 8, 452, for the affinities of the alkyl malonic acids. Consult 
B. 29 , 1864; J. pr. Ch. [2] 72 , 537, upon the velocity of hvdiolysis of the 
alkyl malonic esters. 


IiOBUCcinic Acid, Ethylidene Succinic Acid, Methyl Malonic Acid 
[Methyl-propane Di-acid], Cn3CH(C02H)2, m.p. 130° with decom¬ 
position, is isomeric with ordinary succinic acid or ethylene succinic 
acid (p. 49^)* obtained (i) from a-chloro- and a-bromo-propionic 
acids through the cyanide (B. 13 , 209), and (2) from sodium malonic 
ester and methyl iodide (A. 347 , 93). 

When ethylidene bromide, CHg.CHBrg, is heated with potassium 
cyanide and alkalis^ the expected ethylidene succinic acid is not formed, 
but by molecular rearrangement, ordinary ethylene succinic acid 
results. 

The acid is more soluble than ordinary succinic acid in water. If heated above 
ISO"* it breaks up into carbon dioxide and propionic acid (p. 258); eihyl $sicr, 
b.p. 196“ : methyl ester, b.p. 179*"; diamide, m.p. ai6®. 
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For the rules of formation of the diamides of homologous allkyl and di^kyl- 
malonic adds, see B. 89 , 1596; C. 1905, II. 725 ; 1906, 1 . 1235, etc. 

a~Cyanoproptonic Ester, CH,CH(CN)COgC,H5. b.p. 197-198*. 

Bromisosucdnic Add, CH8CBr(COaH),, m.p. 118-119® (B. 28 , R. 114). 

Methyl Bromomalontc Ester, b.p.,, 115-118* (B. 26 , 2356). 

EthylMalonic Add, C,H,.CH(CO,H),, m.p. iii’S®. The ethyl ester, b.p. 200*; 
amide, mp. 216®; Ethyl Bromomalonic Ester, b.p. 125* (B. 26 , 2357). 

Dimethyl Malontc Acid, (CH,)2C(CO,H),, m.p. 185® with decomposition 
(A. 247 , 105); ethyl ester, b.p. 195® ; amide, m.p. 2bi* ; nitrile, m.p. 32®, b.p.,, 
64®; dtchlonde, m.p. 165°. The latter, with aqueous pyridine, yields a poly¬ 
meric anhydride. [(CH,)aC(C 0 ), 0 ]j, (A. 369 , 169), which can also be formed by 
heating the monochlonde, HOCOC{CH,),COCl, m.p. 65° with decomposition; 
and also by prolonged heating of dimethyl ketene (p. 475) (B. 41 , 2212). 

In the case of the subjoined alkyl malonic acids, the boiling points of the 
ethyl esters (inclosed in parentheses) are given, toget her with the melting points 
of the acids. 

Propyl Malonic Add, CH,CH,CHCH{CO,H)„ m.p. 96* (219^22*). 

Isopropyl Malonic Add (CHg),CH.CH(CO,H)2, m.p. 87® (2I3-2I4*)* 

Methyl Ethyl Malonic Acid, CH,{C3H,)C(CO,H),. m.p. 118* (207-208*). 

n.-Butyl Malonic Acid, CH,(CH,),.CH(COaH)3, m.p. 101*5*, Isobutyl 
Malonic Acid, m.p. 107* {225*). sec.-Butyl Malonic Acid, CIIa(C3115)0H.CH- 
(COail)a, m.p. 76* (233-234®). Propyl Methyl Malonic Acid, CH3(CH,.CHa- 
CHj)C(C' 03H)3, m.p. 107® (220-223®). Isopropyl Methyl Malonic Acid, m.p. 124° 
(221®). Diethyl Malonic Acid, m.p. 121® (A. 292 ,134); dimethyl ester, b.p. 205* ; 
chloride, b p. 197®, yields a polymeric anhydride, [(C,H5),C(CO)jO]ij, when treated 
with pyridine and soda solution. Boiling in benzene partially de-polymerues 
it. whilst when heated alone it is decomposed into diethyl ketene (p. 475) and CO3 
(A. 369 ,159 ; B. 41 , 2216); amide, m.p. 224® (B. 86, 854 ; A. 869 ,174 ; C. 1906, 
I. 1237). Dt~tihyl Malontc Acid Nitrile, m.p. 44®, b.p.34 92°. Veronal is a urelde 
of this acid (sec Barbituric acid). 

Pentyl Malontc Acid, CHj[CHj]4CH(COjII)3, m.p. 82®. Dipropyl Malonic 
Acid, (CTi3CH,CH,),C(CO,H)„ m.p. 158®. Cetyl Malonic Acid, CHj[CHJ„ 
CII(COjTi)3. m p. 122® (A. 204 , 130; 206 , 357 ; B. 24 , 2781). 

For alkyl and di-alhyl cyanacetic esters and amides, see also A. 840 , 3x0. 


THE ETHYLENE SUCCINIC ACID GROUP 

Ethylene succinic acid and its alkyl derivatives, as mentioned in 
the introduction, are characterized by tlie fact that when heated they 
break down into anhydrides and water. The anhydride formation 
takes place more readily in the alkyl succinic acids, the more hydrogen 
atoms of the ethylene residue of the succinic acid are replaced by 
alkyl radicals. 

The alkyl succinic acids form anhydrides more readily with acetyl 
chloride, and are more volatile in aqueous vapour than their isomeric 
alkyl n-glutaric acids (A. 285 , 212). The sym.-dialkyl succinic acids 
show remarkable isomeric phenomena, which will be more fully discussed 
under the symmetrical dimethyl succinic acids (p. 493). 

The followinjt serve characterize a succinic acid : (i) the anhy¬ 
dride : (2) the anilic acid, which appeals in the chloroform, ethereal, 
or benzene solution of the anhydride; (3) the anil, produced by 
heating the anilic acid, or by the action of phosphorus*pentachloride or 
acetyl chloride on it (A. 261 ,145 ; 286 , 226 ; 309 , 316). 

The anhydrides of the succinic acids unite with alcohols to form 
acid esters, which are also formed by partial exterification of the acids, 
and by partial hydrolysis of the neutral esters. The production of 
unsymmetric^y substituted succinic acids is effected mainly by means 
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of*the two first methods ; the last is employed when preparing certain 
isomeric acid esters (comp. C, 1904. I. 1484; A. 364 -, 117). 

Ordinary Succinic Acid, Eihvicne Dicarboxylic Acid, CO2H.CH2" 
CH2.CO2H, m.p. 185®, b.p. 235“, with decomposition into water and 
succinic anliydride, is isomeric with methylmalonic acid, or isosuccinic 
acid (p. 490). It occurs in amber, in some varieties of lignite, in resins, 
in turpentine oils, and in animal fluids. It is formed in tlie oxidation 
of fats with nitric acid, in the fermentation of calcium malate or 
ammonium tartrate (A. 14 , 214), and in the alcoholic fermentation 
of sugar (p. 115). 

In the general methods of formation (p. 476) ethylene succinic 
acid has been in part the example chosen. It is produced (i) by the 
oxidation of y-butyrolactonc and of succinic dialdehydo. 

(2) By the reduction of fumaric and maleic acids with nascent 
hydrogen. . 

(3) By reducing {a) malic acid (hydroxysuccinic acid) and tartaric 
acid (dihydroxysuccinic acid) witli hydriodic acid, or by the fermen¬ 
tation of these bodies; {b) by the action of sodium amalgam on 
halogen succinic acids. 

It is a nucleus-synthetic product obtained in small quantities 

(4) by the action of finely divided silver on bromacetic ;miI. 

(5a) By converting j8-iodopropionic acid (p. 289) into the cyanide 
Md decomposing the latter witli alkalis or acids. (5ft) M. Simpson, 
in 1861, was the first to prepare it synthetically from ethvlene, bv 
converting the latter into the cyanide. Succinic acid is formed by 
boiling its dinitrile with potassium hydroxide or mineral aculs : 

CHjOH CH, CHjBr CH.CN CHjCOjH 

I - ^11 ---->1 

CH, CHa CllaBr CfljCN CHaCO,H. 

Elhylidene chloride and potassium cyanide also yield cthYlciic cyanide (p. 409). 

(6) By the electrolysis of potassium ethyl malonic ester (p. 487) 
the ester is produced. 

(7) By decomposition of acetosuccinic esters. (8) of ethane 
tricarboxylic acid, (9) of sym.-ethanc tetracarboxylic acid. 

Succinic acid crystallizes in monoclinic prisms or plates, and 
has a faintly acid, ^sagreeable taste. At the ordinary temperature 
it dissolves in 20 parts of water. 

Uranium salts decompose aqueous succinic acid in sunlight into 
propionic acid and CO2. The electric current decompose^ the potas¬ 
sium salt into ethylene, carbon dioxide, and potassium (p. 81). 

Patacofiic Acids, y-lactone cathoxylic acids, are formed when sodium succinate 
is heated with aldehydes and acetic anhydride {Fittig, A. 256 , i). When succinic 
acid, zinc cUoride, sodium acetate, and acetic anhydride are heated to 200®, 
small quantities of<-aa'-dimcthyl ^-acetyl pyrrole (B, 27 , R. 405) are produced. 
When calcium succinate is distilled, ^-diketo-hexamethylene (VoL II.) is 
produced in small quantities (B. 28 , 738). 

Succinates: calcium salt, C4H404Ca-f-3H,0. separates from a cold solu¬ 
tion, but when it is deposited from a hot liquid it contains only iH, 0 . When 
ammonium succinate is added to a solution containing a ferric salt, all the iron 
is precipitated as reddUh-browa basic ferric succinate (separation of iron from 
aluminium). 



PYROTARTARIC ACID 



Esters. Potassium Ethyl Succinate when electrolyzed yields adipic ester (p. 505) 
Monomethyl Succinate, m.p. 38°, is prepared from the anhydride and alcohol 
(C. 1904, I. 1484). Dimethyl Succinate, COiCHj.CHjXHjrOjCHj, m.p. 19®; 
b.p.io 80®. Diethyl Succinate, b.p. 216®. Sodium converts it into succinyl 

ROCO.CH—CO—CH, 

succinic ester, | | Ethylene Succinate 

CH ,-CO—CH .COOR 


Mono-alkyl Succinic Acids. Pyrotartaric Acid, Methyl Succinic 

CHg.CH.COaH ^ ^ v , 

^cid, [ , m.p. II2®, was first obtained m (i) the dry 

CHj.COjH 

iistillation of tartaric acid. It is produced {2) from pyroracemiQ 
y:id or its condensation product, keto-valcrolactone carboxylic acid, 
when heated with h5'dr()chloric acid (A, 317 , 22): 


CH,C(COOH).Ov -CO, CH8CH!C00H 

2CH,C0C00H-I >CO —I 

CH -CQ/ + Cl I ,CO OH. 

The remaining methods of formation correspond with those for the 
production of succinic acid; (3) by the reduction of ita-, citra-, 
and mcsa-conic acids (p. 515) ; (4) from )8-bromobut5n"ic acid and 
propylene bromide by means of potassium cyanide; (5) from a- and 
j8-mclhyl acetosuccinic esters; and (0) from a- and jS-methyl ethane 
tricarboxylic acids. The acid dissolves readily in water, alcohol, and 
ether. When quickly heated above 200° it decomposes into water and 
the anhydride. If, however, it be exposed for some time to a tem¬ 
perature of 200-210®, it splits into CO2 and butyric acid. It undergoes 
the same decomposition when in aqueous solution, if acted on by 
sunlight in presence of uranium salts (B, 24 , R. 310). Resolution into 
its optically active components is offreted by strychnine (B. 29 , 1254). 
Dextro-rotatory pyrotartaric acid is also formed when menthone is 
oxidized. 


Potassium Salt, CgHjOjK,; calcium salt, C5H,p4Ca-|“2H,0, dissolves with 
difficulty in water ; methyl ester, b.p.,, 153" ; ethyl ester, b.p.,, 160® ; dimethyl 
ester, b.p. 197®; diethyl ester, b.p. 218® (B. 26 , 337 ; C. 1900, I. 169; 1904, I. 
1484)- 

Ethyl Succinic Acid, m.p. 98®. n-Propyl Succinic Acid, (A. 292 , 137). /*)• 
butyl Suinntc Acid, m.p. 107® (A. 304 , 270). 

(CH,),CH.CHCO,H 

Pimelic Acid, Isopropyl Succinic Acid, | . m.p. 115®, was 

CH,CO,H 

first prepared by fusing camphoric acid and tanacetogen dicarhoxylic acid (B. 25 , 
3350) with potassium hydroxide. It mav be synthetically oblainod from aerto- 
acetic or malonic esters (A. 292 , 137 ; 293 , 150), as well as from the products 
of the action of potassium cyanide on isocaprolactono at 280® (C. 1897, I. 408). 

sym.-Dialhyl Succime Acids, CO,H.CHK'-CHR'.CO,H. 

Symmetrical dimethyl succinic acitl exists, like the other symmetrical disub- 
stituted succinic acids— e.g. dibromosuccinic acid (p. 500), dicthvl-, methyl- 
ethyl-, di-isopropyl-, and diphenyl-succinic acids—in two different forms, having 
the same structural formulae. # 

Dihydroxysuccinic acid or tartaric acid occurs in two active and two inactive 
forms (one can be resolved and the other cannot), which arc satisfactorily explained 
by van *t Hoff’s theory of asymmeinc carbon atoms (p. 30). The pairs of isomeric 
dialkyl succinic acids, also containing asymmetric carbon atoms, manifest certain • 
analogies with paratartaric add (racemic acid), and antu or meso-tartanc mM. 
Hence it is assumed that their isomerism is due to the same cause. The higher 
melting, more difficultly soluble modification is called the ^^M-form, whilst the 
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, meso^ or oM^-form is more readily soluble, and melts lower (Bischoff, B. 20 ,2990 ; 
21 , 2106). However, this assumption is doubtful, inasmuch as not one of the 
constantly inactive dialkyl succinic acids has ever been converted into an active 
variety (B. 22 ,1812). Bischoff has set forth a theory of dynamical isomerism (B. 24 , 
Z074,1085) in which he presents views in regard to the equilibrium positions of 
the atoms and radicals, joined to the two asymmetric carbon atoms, in the 
symmetrical dialkylic succinic acids. 

Isomeric pairs of the dialkyl succinic acids are formed (according to method 2, 
p. 477) by the reduction of dialkyl malofc anhydrides, such as pyrocinchonic 
anhydride (p. 518), by means of HI or sodium ama^am (B. 20 , 2737 ; 23 , 644); 
from a-monohalogen fatty acids by finely divided silver (method of formation 4) 
(B. 22 , 60); from a-monohalogen fatty acids by the action of potassium cyanide 
(B. 21 , 3160): from accto-dialkyl-succinic esters by elimination of the acetyl 
group (method 8); from sym.-dialkyl ethane polycarboxylic acids by heating 
them with hydrochloiic (method 9) (comp. p. 492). 

In all these reactions both dialkyl succinic acids are formed together, and 
may be separated by crystallization from water. 

sym.-Dimeihyl Sncctnic Acids, COjH.CH(CH5)—CH(CH,)COj[l. 

The partf-acid, ui.p. 192-194®, is soluble in 96 parts of water at 14®. It 
forms needles and prisms, which lose some water upon melting. If the acid be 
heated for some time to 180-200®, it yields a mixture of the anhydrides of the 
para- and a«/t-acid, C^HyOg, m.p. 38® and 87®. With water each reverts to its 
corrcspoivling acid. When acetyl chloride acts on the para-acid, its anhydride, 
m.p, 38®, is the only product. This crystallizes from ether in rhombic plates, and 
unites with water to form the pure para-acid (B. 20 , 2741 ; 21 , 3171 ; 22 , 389 ; 
23 . 641 : 29 , R. 420). 

If the para>acid be heated to 130® with bromine, it yields pjTOcinchonic 
anhydride, C^H^Os (p. 518). Both .ncids, when digested with bromine and phos¬ 
phorus. yield the same bromo-dimefhyl-succinic acid, CgH*BrO„ m.p, 91®. Zinc 
and hydrochloric acid change it to the a«/i-acid (B. 22 , 60). The ethyl ester of 
the para-acid (from the silver salt) b.p. 219® ; methyl ester, b.p. 199®. 

The rneso- or an/f-acid, m.p. 120-123® (after repeated crystallizations from 
water) (analogous to antitartaric acid and maldc acid) dissolves in 33 parts of 
water at 14®. it crystalliz^'s in shining prisms. It yields its anhydride, CjHgOj, 
m.p. 87®, when heated to 200®. It regenerates the acid with water. If the 
anft-acid be heated with hydrochloric acid to 190®, it becomes the para-aoid. 
The methyl ester, b.p. 200® ; ethyl ester, b.p. 222®. When the aw/i-acid is csterified 
with HCl, it yields a mixture of the esters of the anti- and para-acid (B. 22 , 389, 
646 ; 23 , 639). The ethyl ester is also obtained when a-iodopropionic ester 
is .shaken with mercury in sunlight (C. 1902, 1 . 408). 

The monomethyl ester of the para-acid, m.p. 38®, and of the anti-acid, m.p. 49®, 
arc obtained by the action of methyl alcohol on theanhydride.s (C. 1004, 1 .1484). 

sym.-Methyl Ethyl Succinic Acids, C0aH.CH(CHa).CH(CjHB)C02H. The para- 
acid, m.p. 179° : or wtfso-acid, m.p. loi® (A. 208 , 147). 

sym.-Methyl Isopropyl Succinic Acids: The para-acid, m.p. 174®; meso- 
acid, m p, 125° (B. 29 , R. 422). 

sym.-Diethyl Succinic Acids. —The pora-acid, m.p. 189-192®; anti-acid, 
m.p. 129® (B. 20 , R. 416 : 21 , 2085, 2105 ; 22 , 67 ; 23 , 650). 

The para- and meso-forms of the sym.-di-n.-propyl succinic acid, di-isopropyl 
succinic acid, and propyl isopropyl succinic acid are prepared by the introduction 
of propyl or isopropyl groups into propyl or isopropyl cyanosuccinic ester 
followed by hydrolysis and decomposition of the condensation products. Di-iso¬ 
propyl succinic acid also results from bromisovaleric ester and silver (A. 292 , 
162 ; C. T900, 1 . 846, 1205). Other sym.-dialkyl succinic acids, see C. 1901, 1 . 167. 

UnsymmetrlMl Sueeinle Acids. 

uns.-Dimeihyl Strccimc Acid, C02H.CH*.C(CHa)j.COtH, m.p. 140®, is synthe¬ 
sized from tt-dimcthyl ethane tricarboxylic ester by the action of boiling sulphuric 
acid. The ester is the reaction product of bromisobutyric ester and sodium 
malonic ester (C. 1898, I. 885). It can also be obtained from dimethyl cyan- 
cthanc dicarboxylic ester, the product of reaction of sodium cyanacetic acid 
and a-bromisobutyric ester; from the acid nitrile, the product of the inter¬ 
action of potassium cyanide and / 5 -chlorisovaleric acid (C. 1899, I, 182); also, 
from its nitrile (p. 499)* imide (p. 497) is obtained by oxidation of mesitylic 



f 


SUCCINIC ANHYDRIDES 


TV V 


•4 


« 



acid, fisterificatioii ol nns.-dimethyl succinic acid proceeds by j6irst attacking the 
carboxyl group attached to the CHa-group, producing uns.-JDtmeMy/ Succinic a- 
Mono-eihyl Ester, COsH.C(CHs}t.CHBCOaC|Hf, m.p. 70**, b.p.j^ 150". Hiis sub¬ 
stance can also obtain^ by the action of alcohol on dimethyl succinic anhy¬ 
dride. Partial hydrolysis of uns.-Dimethyl Succinic Diethyl Ester, b.p. 215®, pro¬ 
duces the liquid isomer dimethyl succxntc ^-mono-ethyl ester (Private communica¬ 
tion of Anschutz and Giittes), nns.-Dimethyl Succinic Monomethyl Ester, m.p. 42® 
and 51® (C. Z904, 1 . 1485). 

Trlmethyl Saoeinle Acid, CO,H.CH{CH,)-^(CH,),.CO,H, m p. 151* (A. 292 , 
142), results on hydrolyzing the tricarboxylic ester (B. 24 , 1923) produced in 
the action of bromi&obutync ester on sodium methyl malonic ester, or sodium 
a*cyanopropionic ester, as well as in the oxidation of camphoric acid (B. 26 , 
^337 )» by fusing camphoronic acid with potassium hydroxide (Vol. II.; 
A. 802 , 51). The formation of trimethyl succmic anhydride from camphoronic 
acid by distillation is rather important in the recognition of the constitution of 
camphor (B. 26 , 3047). Tnmethyl succinic acid is resolved into its optically 
active components by means of the quinine salts (C. 1901, I. 513). ^ 

Tetramethyl Succinic Acid, CO,H.C(CH,),.C(CHs)|COaH, m.p. 190-192, 
with loss of water, is formed, together with trimethyl glutaric acid (p. 504), when 
a-bromisobutyric acid (or its ethyl ester) is heated with silver (B. 28 , 297; 26 , 
1458); also by electro-synthesis from potassium dimethyl malonic ester, and 
from azobutyronitnle (p. 397) (A. 292 , 220); monomethyl ester, m.p. 63®. 

Tetra-ethyl Succinic Acid, m p. 149® with conversion into anhydride, and 
Tetrapropyl Succinic Acid, m.p. 137®, are obtamed by hydrolysis of the respective 
dialkyl malonic mono-esters (C. 1905, II. 670 ; 1906, II. 500). 

These tetra-alkylated succmic acids pass very readily into their an¬ 
hydrides. 


Chlorides of the Ethylene Sneelnle Aeld Group. 

Of the possible chlorides, the monochlotxde, Cl.CO.CHi.CHj.COfH, is only 
known in the form of its ethvl ester, b p 90 I44®» which results from the action of 
POCl, (B 26 , 2748) on sodium succinic ethyl ester. 

Sucnnyl Chloride, m.p. ib®, b p 103®, results from the action of PClg on 
succmic acid. 

Two formulae have been suggested for this substance, a symmetrical (i), and 
an unsymmetrical one (2); 

CH.COCl CH,.CCl,v 

(I) I (2) I >0 

CHgCOCl CHg.CO 

This latter view would make succinyl chloride a dichloro-substitution product 
of hutyrolactone, into which it passes on reduction. The behaviour of succinyl 
chloride towards zinc ethidc is in harmony with its lactone formula, for it then 
yields y-diethyl hutyrolactone (p. 374). and in the presence of benzene and alumi¬ 
nium chloride it chiefly affords y-diphenyl hutyrolactone (B. 24 , R. 320). A small 
quantity of dihenzoyl ethane, CgHgCO.CHgCHj.COCgHg, is produced at the 
same time. These reactions, whilst supporting Ac unsymmetrical formula, do 
not completely exclude the symmetrical representation (comp. B. 80 , 2268). 

Pyrotartryl Chloride, CjHgOgCl,, b.p. 190-195® (B. 16 , 2624). \ms.-Dimethyl 
Succinyl Chloride, C,HgOj.Clj, b.p. 200-202® (A. 242 , 138, 207). 


Anhydrides of the Ethylene-Succinic Acid Group. 

The ready formation of anhydride is characteristic of ethylene 
succinic acid and its alkyl derivatives. It proceeds the more easily 
the more the hydrogen atoms of the ethylene group are replaced 
by alcohol radicals (p. 492). 

Formation. —(i) By heating the acids alone. (2) By the action 
of P2OB (B. 28 , 1289), PQb or POClg (A. 242 , 150) on the acids. 
(3) By treating the acids with the chloride or anhydride of a 



496 ORGANIC CHEMISTRY 

monobasic fatty acid, e,g. acetyl chloride or acetic anhydride {AnschUtz, 
A. 226, i): 

CH,.COOH CH.COv CH,.COv 

I -f 2 CH»COCl « I )0-H >0+2HCL 

CH,.COOH CHjCO^ CHsCO^ 

( 4 ) When the chloride of a dicarboxylic acid acts {a) on the 
acid, or (J) on anhydrous oxalic acid (A. 226, 6 ) : 

CH,.CC1,. COOH 

I >01 =1 /0+2lICl+C04'C0,. 

CHjCO ^ COOH ClJaCO^ 

Sneelnie Aohydrlde, | > 0 , m.p. 120®, b.p, 201®. Methyl Succinic 

ClIjCO/ 

Anhydride, Pyrotartaric Anhydride, m.p. 32®, b.p. 247® (A. 336 , 299 ; C. 1904, 
I. 1485). Ethyl Succinic Anhydride, b.p. 243®. Isopropyl Succinic Anhydride, 
b.p. 250®. Para- and Meso-^ym.-dimethyl Succinic A uhydnde, m.p. 38® and 87®, 
respectively (B. 26 , 1460; C. 1899, II, Oio). Meso-sym.-methyl Ethyl and 
Meso-syra.-dUthyl Succinic Anhydrides, m.p. 244®, b.p.«245“. wn^ym.-Dimethyl 
Succinic Anhydride, m.p. 29®, b.p. 219®. Trimethyl Succinic Anhydride, m.p. 31®, 
h.p.7,g 231®, b.p-i, loi®. Tetramethyl Succinic Anhydride, m.p, 147®, b.p. 
230-5®. Tetra-etkyl Succinic Anhydride, m.p. 86®, b.p. 270®. Tetrapropyl 
Succinic Anhydride, m.p, 370®. 

Properties and Reactions .—Succinic anhydride has a pcoiliar, faint, pene¬ 
trating odour. It can be recrystallized from chloroform. It reverts to succinic 
acid in moist air, but more rapidly ^^hen boiled with water. It yields succinic 
alkyl ester acids with alcohols. Ammonia and amines cliangp it to succinamic 
and alkyl succinamic acids. PClj changes it to succinyl chloride. Sodium 
amalgam reduces it to butyrolactone (B. 20, 1193); reduction of homologous 
succinic anhydride.s by .sodium and alcohol produces y-laclonrs and. even 1,4- 
glycols (comp. pp. 310, 373). If the anhydride is boiled for s-oine time it loses 
00, and changes to the dilactonc of acetone diacetic and, (' 0 (CH*.CHj- 
COjH), (g.v.); PgSj converts succinic acid and sodium sucunaU* into thiophene, 

CH=CH—S—CH—cI;H {q.s.). The homologues of succinic anhydride icsemble 
the latter in behaviour. 

unsym.-Dimethyl succinic anhydride is partially decomposed by Al^Clt in 
chloroform into CO, H^O, and dimethyl acrylic acid, (CH,),c:CHCOOH (C. 1902, 
I. 5 <> 7 )* 

Peroxides. 

Succinyl Peroxide, (C4H4O4), is obtained from succinyl chloride and sodium 
peroxide. It is a very explosive crystalline powder (B. 29 , 1724). Succinic 
Peroxide, Oj(rOCH,CHjCOOH),, m.p. 124° with decomposition, is prepared from 
succinic anhydride and 7‘5 per cent. HjOj solution. It exjdodes when heated, 
and decomposes in xylene solution into CO,, a small quantity of adipicacid (p. 505), 
succinic anhydride, and other bodies. Water hydrolyses it into succinic acid 
and succinic hydrogen peroxide, HOCOCH,CII,CO.OOH, nip. 107° with decom¬ 
position, which decomposes on careful heating into CO,, H, 0 , and acrylic acid 

(c. 1904. II- 765)- 


NITROGEN-CONTAINING DERIVATIVES OF THE ETHYLENE SUCCINIC 

ACID GROUP 

Ethylene succinic acid, like oxalic acid, yields an imide, a diamide, 
a nitrile acid and dinitrile : 


CH,CO,H 

CH,CONH, 

Succinamic 

Add. 


CHjCOv 

>NH 
jCO'^ 
Succioimlde. 


(ill. 


CHjCONH, 

(IhjCONH, 

Succinamide. 


('H,CO,H 

(:h,cn 

d-Cyano^roptenlc 


CH,CN 

(1h,CN 

Ethylene 

Cyanide. 



SUCCINIMIDE 




(a) Amldo*A6ld8 (A. 809 ,3x6). —Most of these have been prepared by decom¬ 
posing the imides witii alkalis or barium hydroxide. They are also formed on 
adding ammonia, primary aliphatic amines, and aromatic amines {e.g, aniline and 
phenyl-hydrazine) to acid anhydrides. They behave like oxamic acid (p. 483). 
When heated, or when treated with dehydrating agents, e,g, PClg or CHaCOCl, 
they become converted into imides, which bear the same relation to them that the 
anhydrides sustain to the dicarboxylic acids. Succtnamic Acid, COiH.CHflCHg.- 
CONH|, is obtained from succinimide by the action of barium hydroxide solution, 
Succtnamtc Methyl Ester, m.p. 90^, is obtained from succinimide and methyl 
alcohol at 178® (C. 1899, II. 864). Succtnethylamic Acid, COjH.CH^CHj.CONHC^Hg 
(A. 251 , 319). Succinanxhc Acid, CO,HCH|CH,CONHC,H5 (B. 20 , 3214); 
methyl ester, m.p. 98®, is obtained fiom succinanil (p. 498) and sulphonic acid 
in methyl alcoholic solution, and PgSg in toluene produces thiosuccinanil, 
CHg.COy 

I ^N.CgHg, m.p. X67®, which is split by alkalis into thiosuccinanilic acid, 

CH,CS/ 

HCX^O CHgCHaCSNHCflHg. m p. 107® (B. 89 , 3303). utLsym.-Dimethyl Succinch 
nilic Acid, COaHC(CHa)2CHaCONHCflH5. m.p. 189®. 


(6) Imides.—^These are produced (i) on heating the acid anhy¬ 
drides in a current ammonia; (2) when the ammonium salts, 
diamides, and amido-acids are heated; (3) from the dinitriles, by partial 
hydration (C. 1902, I. 711). They show a symmetrical structure, 
as will be explained in connection with succinanil, 

CH.COv 

Succinimide, [ /Nil, m.p. 126°, b.p. 288®, crystallizes with 

C'lIf.OO 

water, and has the character of an acid, as the hydrogen of the NH- 
group can be replaced by metals. 

Potasfium Succinimide, C2H4(CO)2NK ; Sodium Succinimide (B. 
28 , 2353); Silver Succinimide (A. 215 , 200) ; Potassium Teirasuccini- 
mtde Tri~iodo~iodide, (C4H502N)4l3.KI (B. 27 , R. 478 ; 29 , R. 298). 

The cyclic imides are readily broken down by alkalis and alkaline 
earths: 


CH.COv HoO CHjCO.OH 

I Vh -I 

CHjCO^ CHjCO.NH. 

On distilling succinimide with zinc dust, pyrrole (p. 318) is formed ; 
when lu'ated with sodium in alcoholic solution it is converted into 
teiramethylene imide or pyrrolidine (p. 335). Electrolytic reduction 
produces y-butyrolactonc or pyrrolidone (p. 395). 

CH=CHv CHj.COv CHj.CO v CH,.CH.v 

I >NH < - I >NH - > I >NH I >NH 

CH, CQ/ CH.CH/ CH, CH/ 

Pyrrole. Succimmide. Pyrrolidone. Pyrrolidine 


Hypochlorous acid, and hypobromous acid acting on succinimide, and iodine 
on silver succinimide produce; Succinochlortmtde, CjH4(CO)jNCl, m p. 148® ; 
Succinohromimide, CgH4(CO)jNBr, m p. 174® with decomposition, and Succtmodo- 
imide (B. 26 , 985). I'hosphorus pentachloridc converts succinimide into dtchloro- 

CCl.CO . » 

maleinimide chloride, || ^NH, petitackloropyrrole, C4CI4N, and the hepta'- 

CCl.CCl/ 

chloride, C 4 CI 7 N (A. 295, 8t>) Bromine and potassium hydroxide convert 
succinimide into )8-amidopropionic acid (p. 393); 
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Sodium methoxide changes succinobromimide by a molecular rearrange¬ 
ment into Carbomeihoxy~p~amidopropionic Ester, CH»O.CO.NHCH|CHaCOtCH«, 
m.p. 33*5“ 26 , R. 935). 

Methyl Suoeinimida, CiH4(CO)tN.CHa, m.p. 66 '$^*, b.p. 234^, is obtained 
from the oxime of laevulinic acid (P..42X) by the action of concentrated sulphuric 
acid (A. 251 , 31S). 

Ethyl Suoelnlmldev m.p. 26", b.p. 234°, is formed when ethyl iodide 
acts on potassium succinimidc. It yields ethyl pyrrole when it is distilled with 
zinc dust. Isopropyl Succtmmide, m.p. 61®, b.p, 230*, Isobutyl Succtnimide, 
m.p. 28®, b.p. 247® (B. 28 , R. 600). 

Phenyl Succinimide, Succtnaml, C,H4{CO)j.N.CaH,. m.p. 150®, is converted 

cci—CO V 

by PCI. into dichloromalcic anil dichloridc, || yNC.H., the lactam of 

CCI—CCI,/ 

CCl-CCK 

y-anilidoperchlorocrotonic acid and tetrachlorophcnyl pyrrole, I yNC,!!,. 

CC1=CCK 

This last fact, and the reduction of dichloromalelc dichloride to y*anilidobutyio- 

lactam or n^phenyl butyrolactatn, | ^NCtHg, indicate thatthc symmetrical 

Cllj.CH/ 

formula properly represents both succin.inil and succinimidc (A. 296 , 39, 88). 


CHg.CH.CO V 

Pyroiartrimide, I yNH, m.p. 66®, n^Alkyl Pyrotartnmide (B. 80 , 

8039 ). syai.-Dimethyl Succimmtde (B. 22 , 646). unsym.-Dimethyl Succtntmide, 
m.p. loO®, is obtained by heating aa-climothyl succinonitrile acid (C. 1S99. I. 
873); also by oxidation of mesxtyhc acid (A. 242 , 208 ; B. 14 , 1075). unsym.- 
X>xmeihyl Succinantl, m.p. 85®. Trimetkyl Succxnanil, m.p. 129®. Tetramethyl 
Succinanih m.p. 88® (A. 285 , 234; 292 , 176,184). Pitnelimide, m.p. 60® (A, 220 , 
276). 


(c) Dlamldes and Hydrazldes. 

Succinamide, NHjCO.CHsCllsCONHj, is produced like oxamide. It crystal¬ 
lizes trom hot water in needles. At 200® it decomposes into ammonia and 
succinimidc. 

Succxnodibrontodiamtde, NH2CO[CH J^CONBrj, is obtained liom succinamide 
and KBrO (see also / 3 -Lactyl Urea, p. 444). Pyrotariramxde, m.p. 225® (B. 29 , 

CHjCO.NH^iH, 

R. 509). Succinohy dr aside, \ , m.p. 167® (J. pr. Ch. [2] 61 , 190; 

CH,CO.NIJNH, 

B. 89 , 3376)- 


(rf) Cyclic Diamidea .—Eihylene Succinyl Diamide, | ' | 

( HjCONH.CH, 

(B. 27 , R. 589). Succinophenylhydfazide, i-Phenyl-zfi-Orthopiperazone, 

CHaCO.N.C.H, n . , 

I I , m.p. 199 , IS obtained from the hydrochloride of 

CHjCO.NH 

phenylhydrazine and buccinyl chloride (B. 26 , 674, 2181) ; whilst 
succinic anhydride and phenylhydiazine yield the isomeric n-anilino- 
succinimide C2H4(CO)2 N.NHCells, m.p. 155“. 

{e) Nitrilic Acids and Dinitriles .—Dimethyl Cyanopropionic Ester, 
CN.CH2.C(CH3y2C02C2H6. b.p. 218®, results when dimethyl cyano- 
succinic mono-ethyl ester is heated (C. 1899, L 874), 

Diniiriles are produced from alkylene bromides (the addition pro¬ 
ducts of bromine and the olefines) b/ treatment with potassium cyanide. 
Absorption of water converts these dinitriles into the ammonium salts 
^ the corresponding acids, the synthesis of which they thus facilitate. 
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When reduced, they take up eight atoms of hydrogen and become the 
diamines of the glycols— e.g.: 

CH,.CO.H 


CH, 

H 

CHg 


CHjBr 

CHgBr 


CH.OH _^ CH. _^ OT.Br _^ CH..CN_j—CO.H 

CH, CH, CH,Br CH,.CN _^CH,.CH,.NH, 

CH,,CH,.NH, 

Saccinonitrile, Ethylene Cyanide, CN.CH2CH2.CN, m.p. 54*5®, b.p.20 
159®, IS an amorphous, transparent mass (C. 1901, 11 . 807), really 
soluble in water, chloroform and alcohol, but sparingly soluble in ether. 
It is also obtained by the electrolysis of potassium cyanacetate (p. 65), 

It yields ethylene succinic acid when saponihed, and tetramethylene diamine 
upon reduction. It combines with 4HI (B. 25 . 2543). Paraformaldehyde, glacial 
acetic acid and sulphuric acid convert it into methylene swetmmide, (C,H«.C,OaN),- 
CH,, m.p. above 270® (J, pr. Ch. [2] 50 , 3). When heated with water and sul¬ 
phuric acid it forms succimmide (C. 1002, 1 . 711). 

Pyrotartartc Nttrtle, m p. 12®, is obtained from allyl iodide and two molecules 
of KNC (A. 182 , 327 ; B. 28 , 2952) 

nnsym-Jhmethyl Succtmc h%tv\le, CN.CH,C(CHa),CN, b.p. 219® (B. 22 ,1740). 
(/) Oximes. — Succynyl Hydroxamte Acid, COaH.CH,CH, C(; N.OH)OH 
(B. 28 , It. 999). Succtnyl Jiydroxamtc Tetracetate, m.p. 130® (B. 28 . 754). Hy- 

CH,.C(:NOHk 

droxylamine converts succinonitnle into Succinimidoxime, | 

CH,.CO-^ 

CH,.C(:NOHk 

m.p. 197® (B. 24 , 3427). and SucctmmtdeDioxtme, I yNH, m.p. 207* 

CH,.C(:NOH)/ 

(B. 22 , 2964). 


HALOGEN SUBSTITUTION PRODUCTS OF THE SUCCINIC ACID GROUP 

The monosubst%tution products arc obtained (i) by the direct action of halogens 
on the acids, then esters, chlorides or anhydrides. In case of the acids, it is 
advisable to act on them with amorphous phosphorus and bromine (B. 21, 
R 5); (2) by the addition ol a halogen hydride to the corresponding unsaturated 
dicarl^xylic acid of the fumaric and maletc groups (A 254 , i6x); (3) by the action 
of a halogen hydride, and (4) of PCI, or PBi, on the corresponding a-mono- 
hydroxyethylene dicarboxyhc acids (A 130 , 21); (5) from aminosuccinic acids 
by means 01 potassium bromide, sulphuric acid, bromine and nitric oxide (B. 28, 

2769). 

Cklorosuccinic Actd, CO,H.CHClCH,.CO,H, m.p. 152®, is formed from 
fumaric acid and hydrochloric acid: dimethyl ester, b.p.i, 106-5® : diethyl ester, 
b.p.i, 122® ; anhydride, m.p. 41®, bp t, 126® (A. 254 ,156; B. 23 , 3757 )- 

d-Chlorosucamc Actd, m.p. 176® with decomposition, is obtained from 1-malic 
acid by means of PCI, and water. Its silver salt is converted into d-malic acid 
when it is boiled with water ; dimethyl ester, b p.|, 107®; chloride, b.p „ 02® ; 
anhydride, b p.,, 138® (B- 28,1289) 

l‘Chlorosuccintc Add is prepared from 1 -aspartic acid, which can be changed 
to 1 -mahc acid Starting, therefore, with 1 -aspartic acid, it is not only possible 
to prepare I-chlorosuccinic acid and 1-malic acid, but with the aid of the latter,wc 
can obtain d-chlorosuccinic acid, which can be transposed iftto d-malic acid 
(p. 55 ) : 

^ 1 -Chlorosuccinic Acid <- d-Malic Acid 
l-Aspartic Acid -■ ' ^ -L 4* 

^I-Malic Acid —■ ■ > d-Chlorosnccinic Acid. 

On the other hand. 1 -chloro- and I-bromo-succinic acid, which yield l-m£^c 
acid with silver ^de, give, with ammonia, d-axnmosuccinic acid, from which 
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d^malic acid can be obtained on boiling the substance with barium hydroxide 
solution {WaldcfCs pp. 55, 364, 388) (B. 30 , 2795): 

1 -Chlorosuccinic Acid ' ' >• l>Malic Acid 

4 ” 

d-Aminosuccinic Acid-d-Malic Acid. 

Inactive BrowiosMcciwic COjH.CHBrCHj.COjH, m.p. 160®, is prepared 
from hydrobromic acid and fumaric acid. It is decomposed by alkalis into its 
components (A. 848 , 261); dimethyl ester, b.p.,o no®; anhydride, m.p. 31®, 
b.p.u 137®. 

d-Broniosttccimc Dnnethyl Ester is formed from 1 -malic acid and PBr^, 1 >‘P-m 
124® (B. 28 , 1291). 

\~Bromosucc%nic Acid, is prepared from 1 -aspartic acid (B. 28 . 2770 ; 29 ,1699), 
m.p. 173® with decomposition. 

Monoiodosuccinic Acid has only been obtained as a basic lead salt (B. 80 ,200). 

The free, inactive acids and their esters, when heated at the ordinary pressure, 
break down into a halogen acid and fumaric acid and its ester, whilst the 
anhydrides yield the halogen hydride and maleic anhydride (A. 254 , 157)* Moist 
silver oxide converts bromosuccinic acid into inactive malic acid ( 9 .V.), which can 
thus be synthesized in this way. 

The addition of a halogen acid to ita*, citra-. and mcsaconic acids produces 
chloropyrotartaric acids, CgHfC104 : 

(1) Itachloropyrotartaric Acid, m.p. 140-141® (comp. Paraconic . 4 cid and 
Itamalic Acid). 

(2) Mesa- or Citrachloropyrotartanc Actd, m.p. 129® (A. 188 , 51; C. 1899, I. 
1070). 

Bromopyrotartaric Acids, C5HaBr04: 

(1) Itabromopyrotartaric Acid, m.p. 137®. 

(2) Citrahfomopyroiartaric Acid, m.p. 148®. 

Dlhalogen Substitution Products arc produced (i) by the direct action of 
bromine and water on the acids ; (2) by the addition of halogen* acids to the 
monohalogen unsaturated acids of the/Mman'cand maleic series ; (3) by the addition 
of halogens—particularly bromine—to the unsaturated acids of the fumaric 
and maleic series. 

When hydrobromic acid is added to fumaric and maleic acids they yield the .same 
monobromosuccinic acid, but with bromine, fumaric acid forms the sparingly soluble 
dibromosuccinic acid, whilst maleic acid and bromine yield the easily soluble iso- 
dibromosuccime aciiand fumaric acid. These two dibromosuccinic acids have the 
same structural formula, they are symmetrical in arrangement, and their isomerism 
is probably due to the same cause prevailing with the dialkyl sym.-succinic acids 
(p. 494). Yet they are intimately related to racemic and mesotartaric acids, which 
were first synthetically prepared by means of the dibromosuccinic acids. Inasmuch 
as fumaric acid yields racemic acid when oxidized, therefore the sparingly soluble 
dibromosuccinic acid, the dibromo-addition product of fumaric acid, should cor- 
respond with racemic acid, and isodibromosuccinic acid with mcsotartaric acid. 
However, the transposition reactions of the dibromosuccinic acids show many 
contradictions. 

Dichlofosuccinic Acid, m.p. 215® with decomposition, is prepared from fumaric 
acids and liquid chlorine ; methyl ester, m.p. 32® (A. 280 , 210). 

Isodichlorosuccinic Acid, m.p. 170® with decomposition, is obtained from the 
anhydride, m.p. 95®, the addition product of maleic anhydride and liquid chlorine. 
When heated, the anhydride changes to chloromalrfc anhydride (A. 280 , 216). 

Dibromosueeinic Acid, CsHsBr,(C02H)x, consists of prisms which arc not 
very soluble in cold water. When heated to 200-235® it breaks up into HBr and 
bromomaUic acid ; and with acetic anhydride it yields bromomaleic anhydride 
and acetyl broihide ; mc/Ay/m.p. 62® ; the m.p. 68®. 

Isodibromosuecinlo Acid, m.p. 160®. is very soluble in 

water. It decomposes at i8o® into HBr and bromofumaric acid (p. 514)* Its 
anhydride, C,H,Br,(CO), 0 , m.p. 42°, is formed from maleic anhydride and 
bromine. At too® it breaks down into HBr and bromomaleic anhydride (A. 280 , 
207). The anilic acid, m.p. 144®. The anil, m.p. 177® (A. 292 , 233 ; 289 , 143). 
When reduced, both acids yield ethylene succinic acid; when boiled with pota^ 
slum iodide they change to fumaric acid, whilst boiling sodium hydroxide op 
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barium hydroxide solutions convert them into acetylene dicarboxylic add (A. 272 , 
127). The sparingly soluble dibroma acid, when boiled with water, passes into 
bromomalcic acid, whilst the readily soluble acid, under like treatment, becomes 
converted into bromofumaric acid. Two hundred parts of boiling water convert 
the difficultly soluble dibromo-acid, in the presence of the brominated unsaturated 
acid, into mesotartaric acid, together with a Utile racemic acid, whilst the readily 
soluble acid yields much racemic acid and but little of the mesotartaric acid 
(A. 292 , 2Q5: 300 , 1 ). 

The silver salt of the difficultly soluble dibromo-acid changes on boiling with 
water to mesotartaric acid (y.w.), whilst racemic acid is obtained under similar 
conditions from the easily soluble isodibromosuccinic acid (B. 21 , 268). Much 
mesotartaric acid with but little racemic acid is formed on boiling the barium or 
calcium salt of the difficultly soluble dibromosuccinic acid. The contradictions 
in these reactions are made clearer in the scheme which foUows: 

KMn 04 

Fumaric Acid ■ —^ Racemic Acid* 

I 

Dibromosuccinic Acid- ^ Mesotartaric Acid (in quantity). 

• KMuO| 

Maleic Acid- > Mesotartaric Acid. 



Isodibromosuccinic Acid- > Racemic Acid (in quantity). 

Tttchlorosuccinic Acid is a crystalline, exceedingly soluble mass, obtained on 
exposing chloromalcic acid, water and liquid chlorine to sunlight (A. 280 , 230). 

Tetrachlorosucctnaml, m.p. 157®, is formed together with dichloromaldtc anil 
chloride (p. 51 ^), when PC'l, acts on dichloromaleic anil (A. 295 , 33). 

Tribromo^uccime Actd. C,HHr3{COjH),, m.p. 136®, is produced when 
bromine and water act on bromonulcic acid and isobromomaleic acid. The 
aqueous solution decomposes at 60® into CO„ H 13 r, and dibromacrylic acid, 
C,H,I 3 raO, (p. 295). Alkalis convert it into dibroinomalric acid; whilst excess 
of ammonia produces monobromofumaric acid (A. 848 , 264). 

Dibromopyrotartaric Acids.—The addition of brominc'to ita-, citra -and mesa- 
conic acids gives rise to three dibromopyrotartaric acids, which upon reduction 
revert to the same pyrotartaric acid (p. 493). 

The ita-, citra-, and mesa-dibromopyrotartarlo Acids, C,HaBr»04, are 
distinguished by their different solubility in water. The ita- compound changes 
to aconic ac id, C5H4O4, when the solution of its sodium salt is boiled ; the citra- 
and mesa- compounds, on the other hand, yield bromomethacrylic acid (p. 297), 

An excess of potassium hydroxide will convert citradibromopyrotartaric acid 
into bromomesaconic acid (p. 510}. 


GLUTARIC ACID GROUP 

Glutaric acid and its alkyl derivatives, like ethylene succinic acid, 
are characterized by the fact that when heated they break down into 
the anhydride and water. The anhydrides readily yield anilic acids, 
from which anils can be obtained by the withdrawal of water. The 
glutaric acids resemble the ethylene succinic acids in behaviour, but 
they are changed to anhydrides with greater difficulty by acetyl 
chloride, and arc not so volatile with steam. 

Olutaric Acid, Normal Pyrotartaric Acid [Pentane Diacid] 

CH CO H ^ 

CH,<ch|co*h* 97°» isomeric with monomethyl succinic acid or 

ordinary pyrotartaric acid, as well as with ethyl and dimethyl 
malonic acids {p. 491). It was first obtained by the reduction of a- 
hydroxyglutaric acid with hydriodic acid. It may be synthetically 
prepared fron4 trimethylene bromide (p. 322), through the cyanide; 
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from acetoacetic ester by means of the acetoglutaric ester {q.v.) ; from 
glutaconic acid (p. 520), and from profane tetracarboxylic acid or 
methylene dimalonic acid, C3H4(C02H)4, by the removal of 2CO2; 
from hydroresorcinol and potassium hypobromite (B. 32 , 1871); by 
electrolysis of a mixture of potassium malonic ester and succinic ester 
(C. 1903, II 1053), Glutaric acid crystallizes in large monoclinic 
plates, and distils near 303°, with scarcely any decomposition. It is 
soluble in 1*2 parts water at 14®. 

The calcium salt, C5Hj04Ca4-4H80, and barium salt, C5H404BaH-5Hj0, are 
easily soluble in water; the first is more readily in cold than in warm water 
(like calcium butyrate, p. 259); monomethyl ester, b.p.^^ 153° (B. 26 , K. 276; 
C. 1900, I- 169); ethyl ester, b.p. 237®. 

The anhydride, CjHgOg, m.p. 56-57®, forms on slowly heating the acid to 230- 
280®, and in the action of acetyl chloride on the silver salt of the acid. 

Glutarimide, C,H4(CO),NH, m.p. 152®, is formed when ammonium glutarate 
is heated; when trimethylene cyanide (7-v.) is heated with sulphuric acid and 
water to 180-200® (C. 1902, I. 711), and by oxidation* of pentamethylene imine 
(P* or piperidine with (B. 24 , 2777). When heated to redness with 

zinc dust, a little pyridine is formed (B. 16 . 1*^83). 

Glutaric Bcroarii/c, Oj(COCH|Ctl,C'H4COOH)a, m.p. 108® with decomposition, 
is prepared from glutaric anhydride and H^O,. On being heated it yields a 
little suberic acid (p. 506) (C. 1904, II. 706). 

Glutaric Diky dr aside, (CH|)s(COXHNTI|)t, m.p. 176^. Glutartc Diaside is an 
explosive oil (J. pr. Ch. [2] 62 , 191). 

Nitrile of Glutaric Acid, Trimethylene Cyanide, CN' ™ 

b.p. 286* (C. 1901, II. 807), is obtained from trimethylene bromide and potassium 
cyanide. Alcohol and sodium convert it into pentamethylene diamine (p. 334) 
and piperidine (p. 336), whilst it yields glutarimide dioxime with hydroxylamine 
(B. 24 , 3431). 

B’Chloroglutaric Acid is obtained from p-hydroxyglutanc acid. Diethyx- 
aniline converts it into glutaconic acid (p. 326) (C. 1905. 1. 1225). 

Pentachloroglutaric Acid, COjH.CClaCH<'lCCl,.CO,H (B. 25 , 2219). 

a-Bromo- and a^Iodo-gltUaric Ester are converted by KOH or diethyl aniline 
into trimetliylcne dicarboxylic acid (comp. p. 507) (C. 1905, 1 . 1225). 

ay-Dibromoglutaric Acid, CH*(CllBrCOOH)j, cis-iorm, m.p. 170®; trans¬ 
form, m.p. 143° with decomposition (comp. p. 503. ay-di-alkyl glutaric acids) 
result when glutaric acid is brominated, and by the oxidation of cis- and trans¬ 
dibromides of cyclopentadiene (Vol. II.). Reduction converts them into glutaric 
acid, whilst afi-Dibromoglutaric, the dibromide of glutacomc acid (p. 520), 
yields glutaconic acid when reduced (A. 314 , 307, 509). 

Mono-alkyl Glutarle Adds.— a-Methyl Glutaric Acid, H 

m.p. 76®, results from the reduction of saccharone, and on treating camphor- 
phorone with KMn04 (B. 25 , 265). It may be synthesized from methyl aceto¬ 
acetic ester and ^-iodopropionic acid ; and when KNC acts on laevulinic acid. 
It is a by-product in the decomposition of isobutylene tricarboxylic ester, the 
condensation product of bromisobutyric ester and alcoholic .sodium malonate 
(see below). A series of a*alkyl glutaric acid are formed by the decomposition 
of the alkylated 1,1,3-propane tricarboxylic esters (C. 1901, I. 302). o-Methyl 
glutaric acid and BiSg yield yMethyl Penthtophen ; anhydride, m.p. 40®, b.p. 283®^; 
anilic acid (A. 292 , 2x1); dinitrile, a-methyl trimethylene cyanide, b.p. 270®, is 
prepared from dxbromobutane and KNC (C. 1902, II. Z097). 

a~Ethyl Glutaric Acid, m.p. 60®, b.p.g^ 1905; anhydride, b.p. 275®; anilic 
acid (A. 292 ,144, 215). 

8 ~MethylGlutaric Acid, EthylideneDiaceiicAdd, CHsCH(CH4C04H)a, m.p. 86®, 
is formed from crotonic ester and sodium malonic ester or sodium cyanacetic 
ester (C. 1906, 1 . x86); also from ethylidene dimalonic acid; anhydride, m.p. 4 ^^ 
b.p. 283® (B. 24 ,2888). ^-EthylGlutaric Acid, Propylidene Diacetic Acid, xn.p. 67®, 
is prepared from propylidene dimalonic acid. p-Isopropyl Gt^^utaric Acid, m.p. 
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loo^, is formed from o-cyano-/ 3 -isopropyl glutaric mono-ester or / 9 -isopropyl 
glutaric ester, whose metbyl-suhstiiution product yields a^methyl p^isopro^l 
glutaric acid (B. 88, 947)> Xhe ^-isopropyl glutaric acid, when oxidized with 
CrOy, IS converted into terpenylic acid (p. 55B); but KMn04 produces terebic 
acid (p. 558) (C. 1899, I. 1157; iQOO, II. 39, 467). The dxnitnles of the jS-alkyl 
glutaric acids are obtained also by boiling with water the oximes of alkylidene 
bis-pyroracemic acids (diketopimehc acids, RCH[CH,C(NOH)COOH]g (C. 
1906, I. 1105). 

Dl- and Trl-alkyl Glutaric Adds are produced together with tri- and tetra- 
methyl succimc acids in the syntheses of these latter acids from a-bromiso* 
butyric acid with silver, with methyl malonic ester, etc. In order to explain the 
formation of these unexpected alkyl glutaric acids in these reactions, it has been 
assumed that a portion of the a-bromisobutyric acid gives up HBr and passes into 
methacrylic ester. In the silver reaction the HBr attaches itself to ^e methyl 
acrylic ester, and the silver withdraws bromine from the a- and j8-bromisobutyric 
esters, whereby the residues unite to trimethyl glutaric ester (B. 22 , 48, 60): 


y^rj — HBr 

C,H*OOC.CBr<^gj — 


/^TJ +HBr ^ 

> C,H,OOC.C<^“|- > C,H,OOC.CH<^gJ 


CH,Br 




*Ag 


CH, 


C,H ,OOC.CH<gg-^ (CH^) C.COOCjH , 


In the second stage sodium methyl malonic ester attaches itself to methyl 
acrylic ester, and when the addition product is saponified it yields dimethyl 
glutaric acid ( 13 . 24 , 1041, 1923): 




-COOCjHj 


CH,> 


COOCtH* 


The aa>- (or ay-) and a/ 9 -diaIkyl glutaric acids, similarly to the syra.-dialkyl 
succinic acids (p. 494), exist in two modifications—the para~ and meso~, or cts- 
and frans-forms. The cis- acids are easily converted into anhydrides and imides, 
whilst the /ran5-acids undergo these changes with difficulty or not at all (comp. 
C. 1903, I. 189. etc.). 

aay-Dxmethyl Glutartc Acid, CHa[CH(CHs)CO|H]a, m.p. ets- acid, 127^, trans^ 
acid 140^ (A. 282 , X46 ; B. 20 , R. 421), are also prepared from CHala and sodium 
a-cyanopropionic ester. The rir-acid can also be obtained by reduction of 
aa-dimctbyl glutaconic acid (p. 321) by means of HI and phosphorus, accompanied 
by the wandering of a methyl group (C. 1903, 1 . 697). 

Bromine converts both acids into a-bromo-denvatives, from which bydroxy- 
dimothyl glutaric acids and their lactones are obtamed (B. 25 , 322 1 \ A. 292 ,146). 
Acetyl chloride or acetic anhydride convert the cis- acid into its anhydride, m.p. 
94^, whilst the tranS’SiCid is not changed when gently warmed (B. 81 , 2x12). 
aa-DimethylGlutancAcids, m ps. 120° and 94**, are formed when/J-bydroxy-diethyi- 
glutanc acid is reduced with HI (C. 1902, II. 107). On heating the barium salts 
of aa^-dimethyl and -diethyl glutaric acids there result dimethyl tetramethylene 
ketone and diethyl tetramethylene ketone (C. 1897, II. 342). aa^-Methyl Iso¬ 
butyl Glutartc Aetds, m.ps i2x° and 78**, are produced from sodium isobutyl 
malonic ester and broimsobutyl ester, etc (C. 1900, il. 368). 

aP-Dtmethyl Glutaric Acids, C04H.CH(CH4)CH(CH,)CH.CO,H, fra«5-acid 
fluid, « 5 -acid, m.p. 87®, are formed by hydrolysis and splitting off of CO, from 
the condensation products of crotonic ester, sodium cyanacetic ester and 
iodomethane; also of angelic or tiglic esters (p. 298) and sodium cyanacetic 
ester (C. 1903, 1 .565, zi2« ; 1906, 1 .186; comp, also A. 202 ,147; B. 29 ,2058), 

unsym.-aa-Z)imslAyi Glutartc Acid C02H.C(CH,),CH,ChJ[^ 0,H, m.p. 85* ; 
anhydride, m.p. 38®, is prepared from y-chlorisobutyl acetic acid and potassium 
cyanide (C. 1898, II. 963 ; comp. C. 1902, II. 25); by reduction of the addition 
product of HI to aa-dimethyl glutaconic acid by means of zinc and hydrochloric 
acid; also by oxidation of camphor compounds (Vol. II.) (C. 1900, 11 . 282). 
Treatment of aa-dimethyl glutaric anhydride with A 1 ,CI, in chloroform leads to 
a partial production of isocaprolactone and pyroterebic acid and CO, (comp. ‘ 
unsym.'dimethyl succinic anhydride (p. 496); also C. 1902, 1 . 567). 
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formal PimtUe Aeld [Heptane Diacid]» COtH[CH|l5CO|H» m.p. 105 * (A. 892, 
X5C^, was first prepared by oxidizing suberonef and from salicylic acid by tbe 
action of sodium in amyl alcohol solution; cyclohexanone results as an intermediate 
product, and the ring is broken according to the formulae on p. 505 (A. 286 ,259); 
by heating furonic acid. C^HgOi. with HI; and in the oxidation of fats with nitric 
acid. It can be obtained synthetically from trimethylene bromide and malonic 
ester by hating pentameth3dene tetracarboxylic acid, which is the first product 
of the reaction (B. 26,709). It may be conveniently prepared from the dinttrile, 
Pentamethylme Dicyanide, b.p.^, 172*. This is obtained from crude dichloro- 
pentane (pp. 321. 323), and KNC (B. 87 , 3588; C. 1904, II. 587). When its 
calcium salt is distilled ptmelic ketone [cyclohexanone] is produced (p. 504). 

Alkyl Pimelic Acids : a-, p-, and y-Methyl Pimelic Acids, m.p. 54°. 49^. and 
56®. They are formed when the -o, m-, and p-cresotic acids (Vol. II.), or better 
their dibromo-derivatives. are reduced by amyl alcohol and sodium (A. 296 ,173). 
The a-acid may also be prepared from the corresponding tetracarboxylic acid 
(B. 29 , 729), and by acid decomposition of methyl ketohexamethylene carboxylic 
ester (p. 504). 

aa^^Dimethyl Pitnelic Acids, m.p. 81® and 76® (B. 28 , R. 465). 

apa-Trimethyl Pimelic Acid, b.p.n 214® (B. 28 , 2943). 

pp-Dimethyl Pimelic Acid, m.p. 104®, and ppa^-Trimethvl Pimelic Acid, 
m.p. 55®. are prepared from the condensation products of 5 -biomo-j 5 -dimethyl 
caproic ester and sodium malonic ester and sodium methyl malonic acid respeo 
tively. The anhydrides of these acids yield on distillation dimethyl cyclohexanone 
and trimethyl cyclohexanone (p. 505) (C. 1906, 1 . 1819 ; 1907, 1 .904). 


aai^Dihromopimelic Acid, m.p. 141® ; diethyl ester, b.p.j^ 224®, when acted 
on by sodium ethoxide becomes j&'-cyclopentene dicarboxylic acid (Vol. II.). 

Suberle Acid [Octane Diacid], CO,H[CH]],COtH, m.p. 140°, is obtained by 
boiling cork ( 13 . 26 , 3089), or fatty oils, with nitric acid (B. 26 , K. 814). Ite 
ethyl ester, b.p. 280-282®. has been synthesized by electrolyzing potassium ethyl 
glutarate ; it is also obtained by the action of magnesium and CO* on trimethylenc 
bromide (p. 322) (B. 40 , 3039). Distillation of the calcium salt produced suberone 
(p- 504) (A. 275 , 356); anhydride, m.p, 62®; dtamtde, m.p. 216® (B. 31 , 2344); 
dihydraeide, m.p. 185® ; dioxide, m.p. 25®. See also 1.6-hexamethylene diamine 
(p* 334) (J* pr* Ch. [2] 62 , 198). ppi~Tetramethyl Suberic Acid, [HOOC.CH*C- 
(CH,),.CH2]„ m.p. 165®, is produced from j 3 -dimethyl glutaric mono-ester, by 
electrolysis (C. 1906. II. 18). 

Higher Paraffln-dlcarboxyllc Acids result, accompanied by oxalic, succinic and 
suberic acids, when fatty and oleic acids are oxidized by nitric acitl 

The higher acetylene carboxylic acids (p, 304) usually decompose into the 
acids CnH*n04. when oxidized with fuming nitric acid. The mixture of acids that 
results is separated by fractional crystallization from ether ; the higher members, 
being less soluble, separate out first (B. 14 , 560). Such acids have also been 
produced by the breaking-down of ketoximic acids through the action of con¬ 
centrated sulphuric acid, e.g,, sebacic acid from ketoxime stearic acid (p. 300). 

Lepargylle Aeid, Azelalo Acid [Nonane Diacid], COtH[CH2]7COiH, m.p. 
106®. is obtained by the oxidation of oleic acid and castor oil by nitric acid or per¬ 
manganate (B. 17 , 2214; C. 1900, I. 250). The name is denved from azotic 
acid»nitric acid, and elaidic acid, connected with oleic acid. It is synthetically 
prepared from pentamethylene bromide and sodium acetoacetic ester (B. 26 , 
2249). When distilled with lime it yields azelaone (p. 504); ethyl ester, b.p. 291® 
(A. 807 , 375); anhydride, m.p. 52® ; nitrile, b.p.*, 195® (C, 1898, II. 848). Axelaic 
UHhiohc acid, COSIirci l2]7COSH, m.p. 73®, is formed when azelaic diphenyl ester 
is “ hydrolyzed by .VaSH. Sodium converts it into a disulphide, 


(C. 1905, II. 217). 

Sebaclo Acid [Docane DUacid]. CO,H[CH J,CO,H. m.p. i 33 “. « fonned (i) by 
dry distillation of oleic acid ; (2) by oxidation of stearic acid, spermaceti or castor 
oil by nitric acid; (3) from stcaryl ketoxime; (4) from heptane tetracar¬ 
boxylic add (B. 27 , R. 413). Anhydride, m.p. 78®; diethyl ester, b.p.ao 19O ; 
^ \ » -r .7/ ^ r / .CONH 
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NonoHB VicmpboatyUc Add [CH J«(COOH)g, m.p. x lo*, is obtained ima m~hy 6 to~ 
x^ndecyhc acid (p. 375) by gxidation with CrO^. Decane Dicofboffyiic Add 
[CHt]io(^OOH)i, jn.p. 127“, IS prepared from oi-bromo-undecylic acid and KNC; 
also syntheticsilly by electrolysis of pimelic mono-ester (B. 84 , 900; C. xgoi, 
II. 1046). 

Brassylic Add m.p. 114®, is obtained by oxidation of bchenolic 

acid and erucic acid (B. 26 , 639, R, 705, Sir). It is synthetically prepared by 
condensing a/-bromo-undecylic ester and sodium mc'lonic ester in alcohol, and 
subsequently hydrolysing and decomposing the condensation product. On the 
simultaneous formation of an isomeric acid (possibly a-Methyl Decane Dicar^ 
hoxyhc Acid), m.p. 82®, see B. 34 , 893 (comp. C, 19^1, II. 1046). 

Roccelhc Acid, m.p. 132®, occurs free in nature in Roccelta Hnetoda, 


B. OLEFINE DICARBOXYLIC ACIDS, CnHan-iOa 


The acids of this series bear the same relation to those of the oxalic 
acid scries that the acids of the acrylic series bear to the fatty acids. 

The free acid hydrates of all the acids of the oxalic series are 
known, but m the case of the unsaturated acids there are some, like 
carbonic acid, which only exist in the anhydride condition. When 
the attempt is made to liberate the acids from their salts, they imme¬ 
diately split off water and pass into the corresponding anhydrides, 
e,g. dimethyl and diethyl maleic anhydrides. The analogy of such 
acids with carbonic acid, to which reference has already been made 
(p. 307), shows itself in the following constitutional formul® (A. 
254 , iCo ; 259 , 137) 

--^0=C=0-|-H,0 


/ONa 
CH j C—C-ONa 


/ 


O 


CH 3 C—C--0 

Sodium Pyrucinrhonate 
or Dimethyl M iledte. 


/OH 
CHa C—C^OH 

I 

CHjC—C=0 

Pyrocinchonic Acid 
(dots not exist). 



CH,.C—C^O 

II >0+H,0 
CHjC—C=0 

Pyrociuchofuc An¬ 
hydride. 


Hence, dimethyl and diethyl maleic acids cannot contain two 
carboxyl groups any more than carbonic acid can contain them. 
Even m the salts and esters a y-lactone ring would be present. The 
hypothetical acid hydrates would be unsaturated y-dihydroxy- 
lactones. 


The cycloparaffin dicarboxylic acids, having a like carbon content and isomeric 
with the unsaturated dicarboxylic acids, will be discussed after the cycloparaffins. 

Trimethylene Dicarboxylic Acid, ( *^C(CO,H)* 

CH,—CHCO.H 

Tetramethylene Dicarboxylic Acid, I I . 

CHj—CHCO.H 
vCHjCHCO^ 

Pentameihylene DuarboA-yhc Acid, CH2C I 

N:H2CHCOjH. 

The lowest member of the series has two possible structural iso¬ 
mers : methylene malonic acid, CH,: C(C02H)*, and ethylene di- 
tarboxylic a^, C02HCH:CH.C02H. The first is only known in the 
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Fumafhydrtuide, NH,NH.CO.CH:CH.CO.NHNH„ m.p. with de¬ 

composition. Fumaraxide, NsCO.CH;CH.CON|, is crystalline. It explodes 
edsily, and when boiled with alcohol yields Fumareikyl Urethane, ROCONHCH:- 
CHNHCOOR (B. 29 , R. 231). 

Fumaranilic Acid, CfHgNH.COCH^CH.COtH, m.p. 231^ is formed from the 
corresponding chloride and water. Fumaranilic Chloride, C,H,NH.CO.CHs= 
CH.COCl, m.p. 120®, crystallizes from ether in transparent, strongly refracting, 
sulphur-yellow coloured pri.smatic needles or plates. It is produced when aniline 
acte on fumaryl chloride in excess. Fumardianilide, C,H,NHCOCH» 
CHCONHCgH^ m.p. 234“, with decomposition (A. 289 , 144; C, 1906, II. 19). 


MaleYo Acid, C4H4O4, m.p. 130®, b.p. 160® with decomposition 
into maleic anhydride and water. Its anhydride is formed as men¬ 
tioned under fumaric acid: 

(i) By the rapid heating of malic acid. 

{2) In the slow distillation of monochloro- and monobromosuccinic 
acid, as well as acetyl malic anhydride at the ordinary pressure. 

(3) By the action of PCls on malic acid (A. 2§0, 216). 

(4) Maleic acid is formed synthetically, in small amount, when 
silver or sodium acts on dichloracetic acid and dichloracetic ester. 

(5) Maleic acid is obtained on decomposing trichlorophenomalic 
acid or j 3 -trichloracetyl acrylic acid (p. 425) with barium hydroxide 
solution. Chloroform is produced at the same time. 

(6) From quinone (Vol. II.) by oxidation with silver peroxide 
(B. 39 , 3715): 

CH.CO.CH CHCOOH 

II II -^ II +2CO,. 

CH.CO.CH ClICOOH 

(7) From fumaric acid (see transformations of fumaric and maleic 
acids). 

Properties. —Maleic acid crystallizes in large prisms or plates, is 
very easily soluble in cold water, and possesses a peculiar, disagreeable 
taste. 

Salts. —C4H204Ag2 is a finely divided precipitate. It gradually 
changes to large crystals. C4H204Ba+H20 is soluble in hot water, 
and crystallizes well. 

The esters result from the action of alkyl iodides on the silver 
salt; 

The methyl ester, CsHs(CO|.CHa),, is a liquid, b.p. 205® ; ethyl ester, b.p. 225®, 
When heated with iodine they change lor the most part into fumaric esters. 


CiJCO\ 

MaleYo Anhydride, 


1>*P- 202°, is produced 


(i) by distilling maleic or fumaric acid alone, or more readily (2) with 
acetyl chloride or P2O5 (B. 37 , 3722); (3) by the distillation of mono¬ 
chloro- and monobromosuccinic acjds, and also of acetomalic anhy¬ 
dride (A. 254 ,155)'; (4) when PCls, P2O6 and POCls act on fumaric 
acid (A. 268 , 255). It is purified by crystallization from chloroform 
(B. 12, 2281; 14 , 2546). It consists of needles or prisms, having a 
faintly penetrating odour. It regenerates maleic acid by union with 
water, and forms isodibromosuccinic anhydride when heated with 
bromine (comp. Asparagine, p. 554), 
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Mithfc Chloride (B 18 ,1947, C1906, II ao) 

CH CONHg CHC(OH)NH 


MalHnamic Actd, U 


or H 


CH^OOH CHCO- 


> mp 153* Its ammonium 


salt results when ammonia acts on maleic anhydride Aqueous potassium 
hydroxide converts the acid into maleic acid, whereas fumanc acid results when it 
IS treated with alcoholic potassium hydroxide. Male%nmeihylam%c Add, m p 149^ 
(B 29 , R 653) ^ , 

Maletntmtde CgHg(CO)sNH, m p 93^, is produced when pyrrole is oxidised 
by chromic acid mixture It sublimes when heated (C 1904,11 305) 

CH CO NHCgHg CHC(OH)(NHC,H,)v 
Maletnamltc Acid, || or || yO mp. X87*, 

CH COOH CHCO-^ 

is formed when amime acts on an ethereal solution of maleic anhydride Heated 
under greatly reduced pressure it splits into maleic anhydride and amline, which 
reunite in the receiver to malcinanihc acid Alcoholic potassium hydroxide and 
barium hydroxide solution convert it into fumanc acid (A 259 ,137) 

CHCO. 

Malefnaml, || pNCgH. m p 91*, results upon heating aniline malate, in 
CHCO^ 

the foim of bright yellow needles It combines readily with aniline, fornung 
phenyl asparagmanil (A 239 154) Maletndtanthde, m p 175^(0 igoi,l lyi) 

CH C=N NHg 

Amtnotnaleimmtde, || , mp in*, is obtamed from maldc 

CH CO 

anhydride and hydrazine hydrate in alcohol When its solution is heated it 

CHCO NH 

changes to Maletn Hydraetdet || | , consisting of white crystals, which do not 

CHCO NH 

melt at 250*. It is a strong acid 


BEHAVIOUR OF FUMARIC AND MALEIC ACIDS 


1 Acetylene is formed when the alkali salts of these acids are electrolyzed 

(p. 86) 

2 Sodium amalgam or zinc reduces them both to succinic acid 

3 When heated to 100** with sodium hydroxide both acids change to inactive 
malic acid (A 269,76) whilst malic acid is changedinto fumanc acid when boiled 
With sodium hydroxide solution (p 509) 

4 I umaru and malcic esters react with sodium alcoholates to form alkyl- 
hydxoxy succinic acids (B 18 , R 536) 

5 Bromine converts 


6 


Fumanc acid 
Fumanc ester 
Fumaryl chloride 
Maleic anhydiide 


into dihromosucanxc aad 
„ dthromosMCCxmc ester 
„ dxbromosucctnyl chlorxde 
„ isodthromosucantc anhydride. 


Potassium permanganate changes (B 14 , 713): 


Fumanc acid into racemic acid 

Maleic acid •• mesotartanc ac%d. 


CONVERSION OF FUMARIC AND MALEIC ACIDS INTO EACH OTHER 

1 When lumanc acid is heated, or treated with PCI,, POCl* and PgOg (A 208 , 
355 t 273 , 31) it becomes converted maleic anhydride 

2 Makic acid changes to fumanc acid 

(а) When it is heated alone in a sealed tube to 200® (B 27 ,1365) 

(б) By the action of cold HCl HBr, HI and other acids also bOg and HgS 
(B 24 , R 623), HgOg(B 88,3241) as well as by the action of bronune in sunlight 
(B 28 , R xo8o) 
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(c) On heating mal^c ester with iodine fumaric esters result. 

( 4 ) Alcoholic potassium hydroxide changes maleXnamic and malelnantUc acids 
to fumaric acid. ' 


THE ISOMERISM OF FUMARIC AND MALEiC ACIDS 

The view generally acepted as to the cause of the isomerism of 
these two acids was presented in the introduction, under the section 
relating to the geometrical isomerism, the stereoisomerism of the 
ethylene derivatives (p. 32). In conformity with this representation 
we find in maleic acid, readily forming an anhydride, an atomic grouping 
which follows the plane-symmetrical configuration, according to which 
the carboxyl groups are so closely arranged witli reference to each 
other that the production of an anhydride follows without difficulty. 
Fumaric acid is not capable of forming an anhydride, hence it has 
the central or axial symmetrical structure. 

These space-formulae satisfactorily represent the intimate con¬ 
nection existing, as shown by Kekule and Anschiiiz, between fumaric 
and racemic acids, and maleic and inactive tartaric acids. According 
to the van H Hoff-Le Bel view of these four acids, the oxidation of 
fumaric to racemic acid by means of potassium permanganate and 
maleic to mesotartaric acid, may be shown by tlie following formula, 
which have a spacial significance (comp. p. 32) 

CO,H CO,H 

I I ' 

H—*r—OH HO—*C—H 

I "1“ I 

no—*C’- H H -*( -OH 

I I 

COjH C OgH 

Deztro tarl.uic Acid + I at*vo-ljrtaiir 

Acid s Kacezoic Add. 

COjH 

I 

H-*CV - OH 

I 

H—*r- OH 

ro,n 

Malflc Add. Add. 


H—C—CO,H 

2 II -f20-f2H,0 

COgH—C—H 


Fumaric Add. 


H—C—CO,H 

II +0-1 HgO 
H—c—co,n 


The oxidation of the two acids, based on stereochemical formula, 
is so represented that upon severing the double linkage in fumaric 
acid by the ad<lilion of hydroxyl groups an equal number of mole¬ 
cules of dextro- and lavo-tartaric acid results, whilst by the rupture 
of the double linkage in maleic acid only mesotartaric acid is formed. 

Cognizant of this J. Wishcenus has sought to explain the conversion of 
maleic into fumaric acid by hydrochloiic acid in the following manner : In these 
two acids the two doxiblv-imkcd carbon atoms cannot rotate independently of each 
other, consequently not m opposite directions ; but when the double union is 
removed by the addition of two univalent atoms, then free rotation at the single 
bond can occur. Accordingly, /. Wtshcenus* explanation proceeds, in his own 
words, as follows: " On account of the extreme ease with which maleic acid, 
in contrast to fumaric acid, lends itself to the formation of addition products 
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(B. i 2 , 2282), it iirst absorbs the elements of the mineral acids (e,g., HC 1 )« and 
becomes converted into a substituted succinic acid, which, under the directing 
influence of the greater affinities, assumes the preferred configuration (in which 
similar groups are as far removed from each other as possible] by the rotation 
of the one system in opposition to the other, and then by the loss of HCl, under 
the influence partly of the water which is present and partly of the slight solubility 
of fumaric acid, the latter acid must result/’ 


11 —C—CO,H 


Maleic Acid. 


HClCOjH 

\l/ 

+ HCl c 

—^ 1 

C 

/l\ 

HilCOjH 


Cl CO-H H 

/l\ 

H H CO,H 


—HCl CO,H- 


Mouuchlorosuccinic Acid 
previous to atu r rotation 

rol.uiun in the prufened position. 


II 


H—C—CO,H 


Fumaric Aad. 


Only that intermediate product, monochlorosuccinic acid, is known in the free 
rondition, which is in picforred configuration. It is stable towards hydro- 
1 Mono acid at 10 , and its aiiiiydridc unites with water to form the original acid, 
insLcad of yielding luiuaric acid, although in so doing the monocliloroscuccinic 
acid, as predicted by J. Wishcenus, in the conversion of malcic into fumaric acid 
w ould change, through rotation, from the less favourable to the preferred con- 
liguration (-4 nsekUiz, A. 254 , lOH). This is by no means the only fact with which 
Mie preceding explanation oi the mechanism of the reactions showing the con ver¬ 
son of fumaric into inaltic acid, and vice versa, clashes (comp. B. 20 , 3306; 
24 , li. 822 ; 24 , 3O20; 25 , K. 418 ; 26 , K. 177 ; A. 259 , i ; 280 , 226; J. pr. Ch. 
1,2] 75 , 105 ; sec also Z. phys. Ch. 48 , 40). 

In the introduction to the unsaturated dicarboxylic acids it was shown that 
at least some of these acids could only exist in the anhydride form, as their 
hydrated forms broke down, m the moincnt ot their liberation from salts, into 
anhydrides and water. These acids, the dialkyl malt ic acids (p. 518), are intimately 
l.iled to maleic acid. The nionoalkyl acids (p. 516) are still capable of existing 
in hytlraLc form, although they cliang<' more easily than maleic acid to their 
aiihydiid<‘s Considering lire analogy with carbonic acid, the salts of the dialkyl 
mali'ic acids may be vit'ued as being derivatives of a hypothetical acid hydrate, 
m which the two hydroxyl gioups are attached to the same carbon atom, and this 
view may be considered to prevail with luahic acid and with the monoalkyl 
maleic acids, so similar to the dialkyl maleic acids. The assumption that fumaric 
acid is symmetrical ctlu'lene dicarboxylic acid and maleic acid the 7-dihydroxyl- 
.letone corresponding with this dicarboxylic acid in no wise renders a stereochemical 
foiinulatiori of the two acids impossible. Probably the stcreochemically diiferent 
ariangcmcnt and position, in the chemical structure, of the atoms contained in 
both acids, mutually inlliKiice each other (A. 254 , 168): 


H.C.COOH 

II 

COjH.C.Il 


IniiuaiK' Acid. 


/OH 

H.C.O;~OH 

, II >0 

H.CO 

Mwlcio Acid. 


However, even this view, as yet, does not allord a satisfactory explanation of 
the reactions by which these acids are converted into each other. Consult A. 289 , 
161, for the history of the isomerism of fumaric and malcic acids. 

The various ideas as to the cause of the isomerism of* fumaric and maleic 
acids are connected with the question as to the nature of the double linkage 
(p. 35). 

Finally, attention may be directed to the difference in the heat of combustion 
of the acids. This would indicate that the energy present in the acids, the form 
of atomic motion, is markedly different. " This fact suggests the possibility that 
the cause of the isomerism is not to be sought exclusively in the varying arrange¬ 
ment of the scorns, nor in their different spacial positions, but also in the varying 
VOL. I. 2 L 
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magnitude of the motion of the atoms (or atom complexes) ** It is also possible 
to imagine a case in which the isomerism would only be influenced by the differ¬ 
ence in energy content—a case in which there might be perfect similarity in linkage 
and also in the spacial arrangement of the atoms.'* 

In addition to structural and spacial isomerism, there is the hypothesis of 
energy or dynamical isomerism {fanatar, A. 273 , 54 ; B. 11 , 1027 ; 29 , 1300), to 
which this name is more applicable than to that to which attention has been 
drawn in connection with the sym.-dialkyl succinic acids (p. 4O4). Klinger 
proposes the name “ alloergatia " (from ergasia or ergatia) for that type of iso¬ 
merism when molecules of the same weight and chemical construction contain 
unequal quantities of energy (B. 32 , 2194). 

It is by no means esbiblishcd that fumaric acid is not a polymeric modification 
of maleic acid. That their vapour densities are the same proves nothing on this 
point, inasmuch as the vapour densities of racemic and tartaric esters are identical, 
and yet the molecule of solid racemic acid consists of a molecule each of dextro- 
and laevo-tartaric acids. The same remarks are true in regard to the results 
obtained by the freezing-point depressions. 


Haloid Fumaric and MaleYc Acids 

Monochloro/umaric Acid, C4H3CIO4, m.p. 192®, results (i) from 
tartaric acid and PCI5 or PCI3 ; (2) from the two dichlorosuccinic 
acids; ( 3 ) from acetylene dicarboxylic acid and fuming nitric acid. 
Monochloromaleic Acid, m.p. 106 ® ; anhydride, m.p. 0 ° and 34 °, b.p. 7 eo 
197°, b.p.25 95®, is produced when acetyl chloride acts on chloro- 
fumaric acid, and when isodichlorosuccinic anhydride is heated (A. 
280 , 222). 


Monobromofumarlc Aeld, C4HaBr04, m.p. I79^ is produced from acetylene 
dicarbonic acid and HBr; and from isodibromosuccinic acid and boiling water. 
Monobromomalexc Acid, m.p. 128^', is formed when dibromosuccinic acid—the 
addition product of bromine and fumaric acid—is boiled with water ; ester, b.p.i, 
140°, is prepared from dibromosuccinic ester and quinoline (C. 1905, I. 26): 
anhydride, b.p. 215°, is prepared by heating isodibromosuccinic anhydride and 
dibromosuccinic acid, cither alone or with acetic anhydride or acetyl chloride. 
The action of HBr is to produce bromofuinaric acid and some dibromosuccinic 
acid. Monoiodojttmaric acid, m.p. (B. 15 , 2097). 

Dichloromaleic Acid, C4CIJH2O4, results when hexachloro-p-diUeto-R-hexene, 

CO<l^Q ^CO, and perckloracetyl acrylic acid, CCl3CO.CClwCCl.COjH 

(p. 425), are decomposed by sodium hydroxide (A. 267 ,20; B. 25 ,2230). On the 
application of heat it passes into the anhydride, CjC]j(C0)30, m.p. lao*'. PClj 
converts succinic chloride into two isomeric dichloromaleic chlorides (B. 18 , R. 184; 
C. 1900, 1 . 404). Its imide, CjCl,(COj)jNH, m.p. 179®, is obtained when succinimide 
is hciited in a current of chlorine. One molecule of PCI, changes the imide to 
Dichloromaleimmide Chloride (i), m.p. 148®, which is also formed from PCI, and 
succinimide. Aniline converts it into dichloromaleimmide anil (2), m.p. 152®. 
Two molecules of PCI, transform dichloromalelnimide into pentachloropyrrole (3), 
b.Puo 90’5®: 


cci—ca,v 
( 1 ) II >NH 
CCl— CO 


CC 1 C(NC,H 5 )v 

(2) II 

CCl.CO--^''^ 



« 

Dichlororndtcin Anil, C,Cl,(CO),NC,H,, m.p. 203*, is formed when dichloro- 
malefn anil chloride is boiled with glacial acetic acid or water. 

Dichloromalein Anil Chloride, m.p. 124*, b.p.,1 179®, is produced, together wifh 
Tetrachloro-n-phenyl Pyrrole, m.p. 93®, on treating succinanil with PCI,. By re¬ 
duction it yields 8-anilidobutyrolactam (see Succinimide, p. 497)- Alcohols 
convert it into dialkyl esters: Dichloromalein Anil Dimethyl Ester, m.p. iio®; 
whilst with aniline it yields Dichloromalein Dianil, m.p. 187® (A. 295 ,27): 



ITACONIC ACID 


5^5 


CH, CO 4PC«, 

1 >NC,H,-> 

CH,CO 

Succinaml 

*'ca=cci 
I >N C.H, 

CC 1 =-CC 1 

D Phenyl Tetracblorop3rrrole 


CCl CC 1 « 

.11 >NC,H, 
I (U CO 

Dichlormalemanil 
Cblonde 

'^CCl C(OCH,), 

II >N C.H, 
CCl CO 

Dichlormalcin Anil 
Dimethyl Ester 


H CH,-CH, 

-I >NC,H, 

CHr-CO 

y Anilidobutyio- 
lactam 

^CC 1 C=NC,H, 

II >NC,H, 

CCl CO 

Dicblormaleln Dianil 


Dlbromomaleie Acid, C| 6 r,(C 0 |H)a ^ P is obtaiaed by acting 

on surcmic acid w ith Br (C 1900 I 404) or by the oxidation of mucobromic acid 
with bromine water silver oxide or nitiic acid It is very readily soluble, and 
leadily forms the awAyrfnrftf C,Br,(C 0),0 mp 115® (B 18,736) Chhrobromo- 
maleic Actd see B 29 , R 186 

Dibromofumano Acid m p ^19-22^^. and d% todofumartc acid decomposes 
at 192^ arc addition products of bromine and iodine with acetylene dicarboxylic 
acid (B 12,2213 24 , 4118) Chlonodofumartc Actd mp 227® with decom¬ 

position unites with chlormt to form an xodosochlOYtde (i) (comp p 135) It 
reacts ywth alcohol losing CO, and forms chloracrylic acid lodosochlonde (2), 
which with hot water, yields todosochloracryltc actd (3) and finallv this, with 
glacial acetic acid to form lodosochloracrylic acid acetate (4) (B 38 , 2842) 


U) 

(3) 


ClC^Ov 

II }o 


HOCOC I (Cl) 

uc-co 


HU (OH) 


\ 

/ 


o 


> ( 2 ) 

> (4) 


CIC- COv 

II >0 — 

HU(Cl) 

CIC-COv 

II ^ 


HCI( 0 C 0 CH 8 ) 






Acids, ( 5H(504=C3H4(C02H)2—Eight dicarboxylic acidb, having 
this loimula, die known There are four unsaturated acids isomenc 
with ttln hdenc malonic acid described on p 508: (i) Itacomc actd, 
(2) Ctlracomc acid (3) Mti>aconic actd (4) Glutacomc actd, and three 
tnmcthykiic dicarboxylic ic'ds Mesaconic and citraconic acids bear 
the same ulation to each other as fumaric to malcic acid They show 
‘imilar conversions of one into the other, which, however, occur less 
readily than in the case of the latter acids (B 27 , R 412) The in¬ 
troduction of the methyl group very considerably increases the tendency 
of citr'iconic acid to break down into its anhydride and water This 
takes plan at 100® unde 1 diminished pressure (comp Chloral Hydrate) 
Mcsaconic acid is more t as ly changed by acetyl chloride to citraconic 
anhydiide than fumaric acid to maleic anhydiide Furthermore 
maleic anhydride combines more readily and therefore more rapidly, 
with water than citraconic anhydride 

rH*=C—COOH 

Methylene Succtntc Actd \ . m p 161® is pro- 

CH, COOH 

duced fiom its anhydride by combination with water , or by heating citraconic 
anhydride with 3 to 4 parts of water at 150®. whereby the citraconic anhydride is 
first transformed into itacomc anhydride which is then converted info the acid 
Jt IS not volatile m steam Hydrogen converts it into pyrotartanc acid and per¬ 
manganate into hydroxyparaconic acid (qv) (A 305 , 41) When electrolyzed 
it IS decomposed into &ym -allylcne or allcne CHjs^C=CHj (p 90) When boiled 
with aniline it forms pseudottaconanthc actd the lact im of y amlmopyro-tartano 
acid (p 556) (A 254 ,129) On the addition of HBr and Br*. see pp 5^* 

Itacomc Dimethyl Ester m p 38® b p 1, 108®. when not quite pure, poly'« 
menses into a qlassy vanetv possessing a strong refractive indtx (B 14 , 2787; 
A 248,203, B 88,691) Itacomc Mono esters (D 80,2649) 
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- CHg-C-CO\ 

• Itaconic Anhydride, | ^O, m«p. 68*, b.p i/f6*. Its name is 

CH2“*00 

formed by interchanging the syllables of aconitic acid. Itaconic anhydride is- 
obtained from the hydrate ( 13 . 13 , i 539 )» and from the silver salt by means of 
acetyl chloride (B. 13 , 1844). It has been found in the distillate obtained 
when citric acid is heated (B. 13 , fmd is probably produced by the de¬ 

composition of the aconitic acid which is first formed. It crystallizes from 
chloroform. When distilled at ordinary pressures it passes into citraconic 
anhydride, which unites with water far less readily tlian itaconic anhydride. 

Itaconanilic Acid, m p. i5i'5 (A. 254 , 140). 

Citraconic Acid. Methyl Maleic Acid, m.p. 91®, is formed when its anhydride 
takes up water. The acid itself is soluble in water. Its volatility in steam is 
duo to its decomposition below loo® into water and the anhydride which vola¬ 
tilises. It resembles mesaconic acid in its behaviour towards KMn04 (below). 

CHjCCO^ 

Citraconic Anhydride, || >0 m.p. 7®, b.p. 213®, is found among the 

Hc:co^ 

distillation products of citric acid, probably through the transformation of the 
first-formed itaconic anhydride. It is fonned when ciVaconic acid or mesaconic 
acid is heated alone ; and when treated with aciTyl cliloridc. Prolonged healing 
at about 200® changes it partly into Xeyontc Acid or diethyl maleic anhydride 
(p- 5 ^ 9 )* Bromccityaconic Anhydride, m.p. 99® (B. 27 ,1S55). 

Hydrogen converts citraconic and mcsaconic acids (below) into pyrotartaric 
acid. Addition products with halogens and halogen acids have been examined 
already as substitution products of pyrotartaric acid (pp. 500, 501}. Either acid, 
when electrolyzed, yields allylene, Cllaf^ (p. 90), 

Citraconanilic Acid, m.p. 153® (A, 254 , 135). 

Cttraconanil, m.p. oS® ( 13 . 23 , 2979 ; 24 , 314). 

Mesaconic Acid, Methyl Futnanc Acid, llydroxytetrinic Acid, CgH4(COgH)g, 
m.p. 20Z®, is formed wlitn citraconic or itaconic acid is heated with a small 
quantity of water at 200® ; by the action of sunlight on an ethcr-chloroform 
solution of citraconic acid, containing a trace of bromine ; by heating citraconic 
acid with dilute nitric acid, concentrated h.ilogt n acids, or concentrated sodium 
hydroxide solution (A. 269 , 1S2 ; B. 27 , R. 412) (comp, a- and / 3 -Methyl Malic 
Acid, pp. 556, 557); and from dibromomethyl acetoacetic acid (p. .j2o). It is 
soluble with dilficuUy in water, and is non-volatilc in steam. KMnOg oxidizes 
it to pyroraceinic and oxalic acids (A. 305 , 407); bariumsaU, C5lf404Ba-|-4Hj0 ; 
dimethyl ester, b.p. 203® ; diethyl ester, b.p. 229®. 

The relation between the results of partial hydrolysis and <>. esterificatiou ol 
the mesaconic acids have been investigated in detail. Hydro!' '•is of the di-alkyl 
ester yields a-Mesaconic Monomethyl Ester, m.p. 84®, and monv-ethyl ester, m.p. 68®, 
HOCO-CH : C(CHg)COOR; whilst jiartial esterification yields a mixture ot 
a-nirsaconic acid esters and p-Mesaconic Monomethyl Ester, m.p. 52®, and m<?no- 
ethyl ester, m.p. O7®, HOCO.C{CH3): CHCOOR. The structure of the latter 
bodies is dcmoiisti ated by their being prepared in a state of purity when y-dibromo- 
a-methyl acctoacctic ester (p. 420) is boiled with water and barium carbonate. 
The a- acid esters are weaker acids than the ) 3 -compounds m wliich the free 
carboxyl group is united to a quarternary carbon atom ; in the dialkyl esters 
this group is more difficult to hydrolyze. The acid-csters give rise to a corre¬ 
sponding senes of mono-ester acid chlorides, amides, anilides, ote. 

Mesaconyl Chloride, C 10 C.C(CH,): CHCOCl, b.p.1465®, reacts with two mole¬ 
cules of aniline and forms a-mesaconanilide acid chloride, C 10 C.C(CI 1 4): CHCONH- 

C4H, (A. 86S, 139). 

Bromomesaconic Acid, m.p. 220® (B. 27 . 1851, 2130). 

The Homolo^es of Itaconic, Citraconic, Mesaconic and Atieonie Acids have 
become known mainly by the painstaking investigations of R, FiUig and his co¬ 
workers (A. 304 , 117; 305 , i); they will be described before the glutaconic 
acids which are homologous with the above-named acids. 

The parent substances from which these acids are formed are the alkyl 
paraconic acids (p. 557), which are prepared by condensation of aldehydes with 
succinic acid or pyrotartaric acid by means of acetic anhydride. On distillation 
they yield unsaturated monobasic acids, and anhydrides of two acids of the 
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itaconic and citraconic series isomeric with the particular paraconic acid employed. 
If the alkyl paraconic esters ase warmed with sodium alcoholate in alcoholic 
solution they are converted into the sodium salts of the corresponding itaconic 
mono-esters, from which the acids themselves are obtained by hydrolysis (A. 265 , 
56; 250 , 50). Thus, terebic acid and sodium ethoxidc produce teraconic acid; 
and similarly y-dimethyl paraconic acid yields y-dimethyl itaconic acid: 


CO,C,Hg 

Ch;>C— in— CII,+NaOCjH, 


CO,C,H, 
CH.>c=(!_ch,+C,H,C 

do^Na 


Alkyl itaconic acids when heated alone are converted into the anhydrides of 
alkyl citraconic acids. Alkyl citraconic acids become changed into alkyl itaconic 
acids when heated with water at 130-150®. This depends on the decomposition 
of the alkyl citraconic acids into anhydride and water below its boiling point, 
and the gradual transformation of this anhydride at a somewhat higher tempera¬ 
ture into itaconic anhydride, wliich laKf s up water to form the stable acid. 

The alkyl citraconic acids are easily converted into the corresponding alkyl 
mesaconic acids by the action of sunlight on an ether-chloroform solution of the 
acids to which a little bromine had been added. 

When the alkyl itaconic acids are boiled with sodium hydroxide solution, the 
position of the double bond becomes changed, and there are produced alkyl 
mesaconic acids and a new series oi isomeric acids named by alkyl alicovic 

acids. The reaction is, however, not a general one, since y-melhyl itaconic acid 
is stable towards boiling sodium hydroxide solution, whilst y-dimethyl itaconic 
acid readily yields the aticonic acid (A. 330 , 292). The alkyl aliconic acids when 
boiled with sodium hydroxide solution pass mainly into the alkyl itaconic acids, 
so that ultimately a point of equilibrium is reached which is not changed by 
further boiling. 

A mixture of alkyl itaconic and alkyl aticonic acids (or alkylidene pyrotarlaric 
acids) also result from the condensation of ketones, such as acetone and alkyl 
methyl ketone, w'ith succinic acid ester by means of sodium methoxide (Sfobbet 
B. 30,94; A. 321 , 8 j). 

Aromatic itaconic and aticonic acids can be prepared by the two nucleus- 
syntlK'tic methods (Vol. IT.). 

The alkyl itaconic and alkyl mesaconic acids are as little volatile in steam as 
the itaconic and mesaconic acids themselves, whilst of the alkyl citraconic acids, 
some arc only obtained as anliydrides, and others are dissociat< d into the 
anhydride and water below too®, like citraconic acid ; these anhydrides are 
volatile in steam. The calcium and barium salts of the alkyl mesaconic acids 
arc readily soluble in water, whilst the corresponding alkyl itaconic acid salts 
dissolve with difficulty. 

The itaconic acids are converted into the paraconic acids, from which they 
were prepared, by heating with hydrochloric or hydro bromic acids and by suitable 
treatment with sulphuric acid. The isopropyl itaconic acid alone behaves 
exceptionally, by yielding tsopropyl isoparaconic acid, isomeric with the original 
isopropyl paraconic acid; 


CO,H 


C—CH—CH,f->^j[{*>CH.CH=C-CC\ *>^|^»>CH.CH=C—CO,H 

O-CO CH.COjH 


Uopiopyl Paraconic Acid. 


CKj-CO-^ 
sopropyl Itaconic Anhydride. 


CHjCOjH 
Isopropyl Itaconic Acid. 


I->-C5»>CH.CH,C—CO. [ CH.CH,CO,H 

CH, II \q CH, I j 

CH.CO/ 0 -CO 


CH.CO^ 
Isopropyl Citraconic Anhydride. 


Isopropyl Isoparaconic Add. 


Reduction with sodium amalgam converts the alkyl itaconic, alkyl citraconic, 
and alkyl mesaconic acids into the corresponding succinic acids, the first acid 
reacting least r^dily than the third, and the second most easily of all three. 
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^ Homologous Itaoonle Aelds. 

• CH,.CH-C.CO*H 

y-Methyl liaconic Acid, Eihylidene Sticcinic Add, I 

CHaCOjH 

165®. y-Ethyl Itaconic Acid, m.p. 162®. y-n-Propyl liaconic Acid, m.p. 159®. 
y-Jsopropyl liaconic Acid, m.p 1S9®. y~Isobuiyl liaconic Acid, m.p. 160^. y-n.- 

Hexyl liaconic Acid, mp 129®. Teraconie Acid, y^Dimeihyl Itaconic Acid. 
(CH,),C-C.CO.H. 

I m.p. 162®, is prepared from terebic acid (p. 517, and 

CH.COjH 

Vol. II.); and by the condensation of succinic ester and acetone by means of 
sodium ethoxidc(B. 36 , 197; J- pr- Ch. \2\ 67 ,197). Hydrobromic or sulphuiic 
acid reconverts it into terebic acid ; water at 190® decomposes it into COs and 
isocaprolactonc (C. i88(), I. 780); anhydride, b.p. 275®. y-Methyl Ethyl liacontc 
acid, m.p. i8i® with decomposition. 

CH^=C.CO,H 

a^Meihyl liaconic Acid, | m,p. 150®, is o!)taincd from pyro- 

CHa—CH.COjH 

cinchontc acid (below); anhydride, m.p. is produced by heating anhydro- 
mcthyl aconitic acid (C. 1906, II. 21). ^ 

CHa=C—COOII, 

aa-Dimeihyl liaconic Acid, \ m.p. 141®. is prepared from 

(CH^laCCOOII 

a-bromotrimethyl succinic acid and diethyl aniline ; anhydride, b.p. 210-215°; 
diethyl ester, b.p. so (C. 1902, 1 . 180 ; 1904, I. 434). 

ay-Dimethyl liaconic Acid, CHgCH: C(COOll).CH(CITs)COOH. m.p. 202® 
(anhydride, b.p.,, I3i®)and a-EthylItaconic Acid, CH,: C(COOH).CH{C,H,)COOH 
(anhydride, m.p. 52), result from boiling methyl ethyl maleic acid (p, 519) with 
sodium hydroxide solution; the former also, from ay-dimethyl paraconic acid 
by boiling it with NaOCallj solution (B. 39 , 1535). The alkyl itaconic acids 
mostly have no sharp meltiin: points, owing to their tendency to form anhydrides. 
Homologous Citraconlc Acids, Alkyl Maleic Acids. ' 

CH CH C—CO ,H 

y~MeihylCitraconic Acid, Ethyl Maleic Arid, || , m.p. loo®, 

CfI.CO,H 

can also be obtained by heating j8-ethyl malic acid (B. 37 , 2382; 38 , 2737); 
anhydride, b.p. 229®, is obtained from ethyl fumaric acid, p. 519) by he.iting it 
with acetyl chloride. When vapourised with ammonium it foims the imtde, 
m.p. 141®. y-Eihyl Citraconic Acid, n-PropyI Maleic Acid, m.p. 94®; anhydride, 
b.p. 224®. y-Propyl Citraconic Acid, m.p. 80®. y~Isopropyl Citraconic Acid, 
m.p. 78®. y-lsohutyl Citraconic Acid, m.p. 75®. y-Hexvl Citracomc Acid, m.p. 86®. 

(CI 1 ,),CH.C—CO. 

y^Dimethyl Citraconic Anhydride, || ^O, m.p. 5®, b.p.,, 138® 

CH.CO/ 


(C. 1899, 1 . 668, 780). 

The y-alkyl citraconic acids or monoalkyl mal^c acids do not melt sharply 
on account of the formation of anhydrides. The a-alkyl citraconic or. dialkyl 
maleic acids only exist as anhydrides, which are formed when the acid is liberated 
from its salts by stronger acids. 

Pyroelnehonic Anhydride, Dimethyl Maleic Anhydride, a^Mcthyl Citraconic 
CHj.CCO. 

Anhydride, || > 0 , m.p. 96®, b.p. 223®, is formed when cinchonic acid 

CH,.CCO/ 

(^,9.) is heated; 


CO,H 

' I 

CHg.CH.CH.CO,H 



Cinchonic Acid. 


-H,0 


-COi 


co.o.co 

-i 


>CH,C 


CH, 

PTTOclncfaonic Anhydride. 


It also remits, together with terebic acid, when turpentine oil is oxidized with 
nitric acid; from a-dichloro- and a-dibromo-propionic acid and silver (B. 18 , 826, 
^35) : by condensation of pyroracemic acid and sodium succinite by means of 
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acetic anhydnde (A. 804 ,158), by distillation of a/ 9 -dimethyl malic acid (p 55 ^} 
uader reduced pressure (a method of preparation), by distillation of anhydro-^ 
methyl aconitic acid (C 1906,1! 21) 

Dtmethyl ester^ b p. 2 X 9 ^> and dtethyl ester, b p 237*, are prepared from silver 
pyrocinchonate and lodo-alkyls (B 33 , 1410) The solution of pyrocmchomc 
anhydnde reacts strongly acid and decomposes alkali salts formmg p3n:ocincho- 
nates, the constitution of which has already (p 51)) been discussed. Feme 
clilonde produces a dsirk red coloration in pyrooinchomc anbvdnde solutions 
Reduction produces two dimethyl succinic acids (p 494) It unites with cblormc 
to form dimethyl dichlorosuccmic anhydride (B 26 , R X90) When boiled with 
20 per cent sodium hydroxide solution, pyrocincbonic acid is converted into 
dimethyl fnmanc acid and jS-methyl itaconic acid (A 804 , 156) Pyrocmchomc 
ester, when heated with alcoholic ammonia, yields amino-dimethyl-succmumde 
(p 557) and pyrDctwcAoKiwirftf mp XX9®(B ^,1408) which, on hydrolysis yields, 
m part, j8-mcthyl itacomc acid 

Methyl Ethyl Maleic Anhydnde, b p. 236*, is formed by condensation of pyro- 
tartaiic acid and pvroracemic acid, by means of acetic anhydride (A 267 , 2x4), 
by distillation of <w-dimethyl paraconic acid whereby a*methy1 jSy-pentimc acid 
IS also formed (B 39 , X 535 )« hy the slow distillation of methyl ethyl malic acid, 
iwiirfe, m p 6/® d%methyl ester bp 235® Ihe and atiAyt/rtdtf can also be 
o1 aincd from the destruction of haematin or hsmatinic acid (comp, bsemoglobin) 
(A 845 , 1 ) 

Methyl Propyl Maleic Anhydnde, b p 242® {ttntde, m p 57®) and Methyl 
Isopropyl Maleic Anhydnde bp 241® (twide mp 45°) arc obtained from methyl 
propyl and methyl isopropyl mdhe acid (A 346 , i) 

Xeromc Anhydride, Diethyl Maleic Anhydnde, bp. 242®, is prepared by 
healing citiacomc auhydruk (A 346 , i) 

Homologous Mesaconlc Acids, Alkyl hnmanc Acids For the formation of 
alkyl mesaconic acids from the coiiesponding alkyl itaconic and alkyl citraconic 
acids seep *5*^7 

iht pH acts of reaction of alcoholic potassium hydroxide and the y dibromo- 
ienvati^ cs of tuonoalkyl aceto icrtic esti r btlong to th< Ikyl fumaiic acid senes 
(C 1890 1 780), hydroxvtLlimic acid being me aconic acid, and hydroxy- 
pentimc acid being etliyl luraanc acid, etc (p 420) 

The reaction is most simply c xplaincd by the assumpt ion that keto- or hydroxy- 
aldehydic it ids arc first formed, which are then converted into unsaturated car- 
box.>hc acids (B 32 ,100^) 


X,CH C OCIIR' CO^R- > OCH CO CHR' COjR 


OCHC(OH)*CR' CO,R 


COjHCH CR'CO.R. 


Also, monoalkyl fumaiic acids are obtained from monoalkyl ethane tn- 
carbovylic aciiK by the introduction of halogen and subsequent splitting off of 
halogei) acid and COt (B 24 ,200S). 

hthvl Fumartc Acid, y \itthyl Mesaconic Acid, m p 194“* ^ -Propyl Pumanc 
Acid, y-Ethyl Mesaconic Acid, mp 174® Isopropyl humane Acid, y Dimethyl 
Mesaconic Acid, mp 184® n -Butyl Fumartc Acid, y-Propyl Mesaconic Acid, 
mp 170® y-Isopropyl Mesaconic Acid, mp 185® y-Isobutyl Mesaconic Acid, 
mp 205® y-Hexyl Mesaconic Acid m p 153® 

Dimethyl Fumartc Acid a Methyl Mesaconic Acid, mp 239®, dtethyl ester, 
bp 235®, IS formed when diazopropionic ester is heated (p 410) (B 87 , 
1272) 

Atioonfe Acids.—For the formation of these acids from the alk>lit romc 
acids by synthetic methods, see p 517 Dimethyl Aticonu Acid, i ^ 

Succinic Acid, y-Methyl Methylene Pyrotartanc Acid, 0 ,H * , 

mp 140®, results when teraconic acid is boiled with sodium h>droxide salQv'v 

Uon. Isobutyl Aticonic Acid, ^-Isopropyl Vinyl Succinic Acid, 

p. 93“ Hexyl Aticomc Aetd, s-Amyl Vtnyl Succtnie Actd, 
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(C. Z903, II. Z315). afiy-Trimeihyl Ghttaconic Acid, m.p. 127*; cmhydfidc, m«p. 
^ tT9® ; imide, m.p. iSo*^ (C. 1906, I. 185). , 

Hydromueonie Aelds. 

o^-acid : CO,H.CH,CH,CH=aCHCOjH, m.p. 169®, stable form. 

)8y-acid ; COaH.CllaCH^CH.CHjCOaH. m.p. 195®, labile form. 

The labile acid is formed by the reduction of dichloromuconic acid or muconic 
acid (below), and of diacetylene carboxylic acid (p. 523). It dissolves with 
difficulty in cold water, and is oxidised to malonic acid by potassium per¬ 
manganate. When boiled with sodium hydroxide solution it is transformed into 
the stable acid, which is oxidised to succinic acid by permanganate. Sodium 
amalgam converts the labile acid into the stable form and reduces this to adipic 
acid (p. 505). Bichlorides SiTid Dimethylene ester (C. 1901, II. 1119). 

arMethylene Glutaric Acid, CHj: C(COOH)CHj.CH2COj.H, m.p. 129-130®, 
and a-Ethylidene^-Methyl Ghitaric Acid, CH,.CH : C(COaH}CH(CHj)CH,COaH, 
m.p. 129®. Th(' esters of these acids are obtained by the polymerisation of acrylic 
and crotonic acids respectively (pp. 294, 295) by means of sodium alcoholate 
(B. 83 » 3766; 34 , 427), a-Methylene glutaric acid is also formed by the dis¬ 
tillation of a-methyl o-hydroxyvaleric acul (B. 36 , 1202). Suitable methods of 
reduction convert these acids into a-mcthyl glutaric acid and a-elhyl jS-methyl 
glutaric acids respectively. 

a~Ethylidene Glutaric Acid, CH3CH : C(C00H)CHjCHjC03H, m.p. 152®, see 
S-Caprolactone Carboxylic Acid (p. 560). Sodium hydroxifle solution converts 
it into a-Vinyl Glutaric acid, CH,: CH.CH(COjH)CH,CH,CO,H, m.p. 97® ( 1 > 31 , 
2000). 

Si,oamyhdcne Glutaric And, (Cll3)2CIlCll2CH : C(C02H)f'K2f'lliiC()2H, m.p. 
13®, is formed together with diisovalerylidene glutaric acid (see below). 

Allyl Succinic Acid, CH2:CH.CHjCH(COjH)CII,COaU. m.p. 94®, is prepared 
from allyl ethylene tricarboxylic ester (B. 16 , 333). Allyl Methyl- and Allyl- 
Ethyl Succinic Acid, see B. 25 , 488. 

C. Dloleflne DIoarboxylic Aelds. 

DiallylMalonic Acid, (CEl2=«CHCH2),C(C02H)j, m.p. 133®, withhydrobromic 

CH,.CH3 .CHj.C.CH,.CH.2 CH2 

acid yields a dilactone, I A I . It breaks down into 

6 -CO CO - o 

CO2 and diallyl acetic acid when heated (p. 306). 

Muconic Acid, COgH.CH^CTI —CH —CH.CO2H, m.p. 292®, with decomposi¬ 
tion, is lormed when alcoholic potassium hydroxide acts on the dibromide of 
j 5 y-hydromuconic acid; also, synthetically, from glyoxal and two molecules of 
malonic acid by means of pyridine ; dimethyl ester, m.p. T58® (B. 35 ,1147). Di¬ 
chloromuconic Acid, CjH4Cl804, results when PCI4 acts on mucic acid (B. 24 , 
U. 629). It yields / 3 y-hydromuconic acid with sodium amalgam (B. 23 , R. 232). 
Dichloromuconic Acid Dxckloride, and Dimethyl Ester (C. 1901, II. 1119). 

Isomeric muconic acids are not known. 

CH,:C.COOH 

Dimethylene Succinic Acid, I may be considered as being the 

CH3:C.C00H 

parent substance of a large number of strongly coloured well-crystallising acids 
of the aromatic series (Vol. II.). It easily passes into a more deeply coloured 
anhydride, and exhibits a reversible difference of state in violet and ultra-violet 
light (p. 63). Therefore Stobbe named the hypothetical acid Fulgenic Acid 
(fulgere=to shine) and the anhydride fulgide. The lesser known aliphatic 
fulgenic acids and fulgidcs are colourless (A. 359 , i, etc.). 

Diisopropylidene Succinic Acid, aaZh-Tetramethyl Fulgenic Acid, (CH2)|C:- 
C(COOH).C(COOH): C(CHj)j, m.p. 230® with decomposition, and Isopropylidene 
Isobutylidene Succinic Acid, eaZ-Dimethyl Isopropyl Fulgenic Acid, (CH,),C:- 
C(COOH)C(COOfl): CIlCII(Cllj,),, m.p. 226® with decomposition, result from 
the reaction of teraconic ester and acetone or isobutyl aldehyde respective!)', 
with sodium ethoxide. The anhydrides, m.ps. 59® and 72®, are formed by means 
of acetyl chloride (B. 38 , ^^>7^, 3683). 

Diisovaleral Glutaric Acid, CHj[C(CO,H):CHCHjCH(CH,)2],, m.p. 220®, and 
is obtained from glutaric acid and isovaleialdehyde with acetic anhydride and 
sodium ethoxide or sodium (A. 282 , 357), 
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D. A«etyl«ne «nd Polyaoetylene Dlearboxylle Aoidi. 

Aeetyiene Dlearboxylle Aeld^ C0sH.C^C.C0aH=h2H,O, m.p. 175* with 
decomposition, is obtained when aqueous or alcoholic potassium hydroxide acts 
on dibromo- and isodibromo-succinic acid (A. 272 , 127). It effloresces on 
exposure. The anhydrous acid crystallises from ether in tluck plates. The acid 
unites with the halogen ^cids to form halogen fumaric acids, whilst with bromine 
and iodine it yields dihalogen fumaric acids (p. 515). Its esters unite with bromine 
and form dibromomalmc elters and dibromofumaric esters (B. 26 , R. 855). With 
water they yield oxalacetic ester (B. 22 , 2929). They combine with phenyl- 
hydrazine and hydrazine, forming the same pyrazolone derivatives as oxalacetic 
ester (B. 26 , 17x9); and with diazobenzcnc imide they form phenyltriazole 
dicarboxylic ester (B. 26 , R. 585). Oxalacetic ester and acetylene dicarboxylic 
ester are condensed by alcoholic potassium hydroxide to aconitic ester (B. 24 ,127). 
(Seealso Acctoxymalelc Anhydride, p. 565.} Theprimary ^0/asstumsa^,C4O4HK, 
is not very soluble in water, and when heated decomposes into COg and potassium 
propiolate (p. 303); stiver salt breaks down readily into CO4 and silver acetylidc 
(A. 272 , 139); diethyl ester, b.p.,j 145-148®, is obtained from dibromosuccinic 
ester with sodium cthoxidc (B. 26 , R. 706). (Sec also Thiophene Tetracarboxylic 
Esters.) 

Olutinlo Aeld, COtfLC^C.CHj.COjH, m.p. 145“ with evolution of carbon 
dioxide, is obtained by tne action of alcoholic potassium hydroxide (B. 20 , X47) 
upon chloioglutaconic acid (p. 520). 

Diacetylene Dlearboxylle Acid, COjH.C^C—CS:.C 0 ,H-hH, 0 , is made by 
the action of potassium fcrncyanide on the copper compound of propiolic 
acid (B. 18 , 678, 22G9) It assumes a dark red colour on exposure to light, and at 
177® explodes with a loud report. Sodium amalgam reduces it to hydromuconic 
acid, and at the same time splits it up into adipic and propionic acids. The 
ethyl ester^ b.p 184®. Zinc and hydrochloric acid decompose it and yield 
propargylic ester (p. ^03). 

Tetra-acetylene Dicarboxylic Acid, COjH.C^C C=C.C=C.C=C.CO,H. C^bon 
dioxide esc *pcs on digesting the acid sodium salt ot diacetylcne dicarboxylic acid 
with wateV, and theie is formed the sodium salt of dtacetylene monooarhoxylic 
acid, CH^^.C^COjNa, which cannot be obtained in a free condition. When 
potassium ferricynnide acts on the copper compound of this acid, tetra-acetylene 
dicarboxylic acid is formed. Tins ciystallircs from ether in beautiful needles, 
rapidlv clarkening on exposure to lidit and exploding violently when heated. 
Consult B. 18 , 2277, for an experiment made to explain the explosibility of this 
derivative. 


V. TEIHYDRIG ALCOHOLS: 0L7CEE0L8 AND THEIB 

OXIDATION PRODUCTS 

The.tnhydric alcohols, or glycerols, and their oxidation products 
are connected with the dihydnc alcohols (glycols) and their oxidation 
products. 

The glycerols, so-called after their most important member, are 
obtained from the hydrocarbons by the substitution of three hydroxyl 
groups for three hydrogen atoms, linked to different carbon atoms. 
As the number of hydroxyl groups increases, the number of theoreti¬ 
cally possible classes of glycerols, in contrast to the glyccds, also becomes 
greater. The number of possible classes of oxidation products also 
grows accordingly, and in the case of the trihydric alcohols this number 
is 19. However, this chapter of organic chem-stry has been less regu¬ 
larly developed than that pertaining to the dihydnc derivatives, and 
it may be said that the glycerols serve, even to a less degree than the 
glycols, as parent bodies for the preparation of the various classes 
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.belonging here, some of which are : dihydroxymonoc^^rhoocyUc acids, 
monohydfoxydicarboxylic acids, diketone-ihonocarboxylic acids, tricar- 
boxylic acids, 

Hydroxydialdehydes, hydfoxydiketones, trialdehydes, aldehyde-diketoncs 
and triketoncs arc represented to only a slight extent, if at all. The same may 
be said of the hydroxyaldehydc ketones, hydroxyaldehydic acids, hydroxyketonic 
acids, aldehyde-carboxylic acids, and aldehyde-ketonc-carboxylic acids. 


1. TRIHYDRIC ALCOHOLS 

Glycerol stands at the head of this class, although it is not a tri- 
primary alcohol, but rather a diprimary-secondary alcohol. The 
simplest imaginable triprimaiy alcoliol would have the formula CH- 
(CH20H)3, and could be referred to trimethyl methane, CH(CHg)3, 
whereas glycerol is derived from propane, and considerir.g the structure 
of the carbon nucleus, it is the simplest trihydrio alcoliol. 

Although it may appear unneccs«?ary to develop all the possible kind? of 
trihydric alcohols and their oxidation products, as was done wjlli the glycols, 
yet the oxidation products theoretically possible from gl5^cciol will be deduced. 
By enlarging this scheme we really construct a comparative review of the oxygen 
compounds, obtainable from methane, ethane, and propane. 

It is also possible to tabulate the foimulae of tlie oxygen derivatives of a 
hydrocarbon in such manner that the hydrogen atoms may be regarded as re¬ 
placed, step by step, by hydroxyl groups, and wc may indicate the number of 
hydrogen atoms attached to one carbon atom, which have been replaced by 
hydroxyl groups.* 

Thus, in compounds containing more than one hydroxyl attactied to the 
same carbon atom, numbers are employed to express the formulae of ortho- 
derivatives, usually only stable in the foim of ethers. When a carbon atom of a 
hydrocarbon is joined to hydrogen, and no hydrogen atoms arc rcijlaced by 
hydroxyl, this is expressed by a zero : 

Methane ~ CH4=o 
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Ethane— CH g.CHa ’=00 
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1 

a C(OH) 

1 

CHa 

CIIs 

CII3 

1 

CHa 

CH(OH)a CH{OH) 
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* The author is indebted to A. J. Baeyer in Munich for indicating this method 
of exposition, " which has the great advantage of facilitaiing the derivation of 
the possible hydroxyl compounds from the higher hydrocarbons, and also to 
make apparent the degree ot oxidation, i,e, the number of oxygen valencies which 

have entered.** 
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following formulae correspond with 

000 Clfs.CHa.Cllj 
loo CHaOlI.CHj.CH, 

010 CHa.CllOH.CHj 

200 CH(0H)8.CH2.CH8 
020 CIl3C(OH)8CH, 
no CH.OIICH.OH.CH, 
loT ClilulI.Cyj.CHjOH 
Soo C(OIl)3.ClIa.Cll:^ 

210 CI 1 ( 0 I 1 )*.CI 1 ( 0 H)CH 8 

201 CH(0H)aCH8.ai20H 
T20 CH20ILC(0II)Xll3 
TTI CIf,OH.CHOJl“('HjOH 
^ro C(UH)a.ClI0Il.tll3 
V>i (COH)8.Cll8,Cli,()il 
220 CH(OH)a.C(On)2.CH8 

202 Cll(OH)8.CH,.aJ(OH)2 
21 r CH(OH)a.Cll.OH.CTT8()H 
121 CH80H.C(OII)o.CllaOH 
;2o C(OH)3.C(0n);.CH, 

:«■).- C(OH)a.CHa.ClI(()II)a 
jii C(OXf) 3 .CHOH.CH,OH 
•221 Cn(OH) 8 .C(OH) 8 .i flj.OU 
212 CH( 0 H) 8 .CH( 0 II) CH( 0 H )8 
C'(C)lI) 8 -CHar(OH )3 
U1 C(OH) 8 .C(OH)a.cTiaOH 
\JZ ('(OIl) 3 .CHOn.C'H(OH)* 

222 CH(OH) 8 .C(OK)*.Cn( 01 T )8 

}22 C( 0 H) 8 .C{ 0 }I) 8 .CII(() 1 I )8 
C(OH) 3 .CH(OH).C(OH), 

323 C(OH)8.C(OiI)a.C(OH)8 


these groups of numbers; 

Propane 

n-lVopyl Alcohol 
Isopropyl Alcohol 
Propionic Aldehyde 
Acetone 

Propylene Glycol 

Tiimcthylene Glycol 

Propionic Acid 

Unknown (pp. 336, 340) 

j8-Ilydroxypropionic Aldehyde 

Hydroxyacetone, Kctol 

GIvc(*rol 

Lactic Acid 

Hydracrylic Acid 

Pyroracemic Aldehyde 

Malonic Dialdehyde (p. 347) 

C/lycerose 

1 )ihydroxyacctonc 

Pyroraconuc Acid 

Formacctic Acid 

Glyceric Acid 

Lnknown 

Unknown 

Malonic Acid 

Hydroxypyroracemic Acid (p. 543) 

Tartronic Somialdehyde (p, 543) 

Mesoxalic Dialdehyde 

Unknown 

Tartronic Acid 

Mesoxalic Acid 


Of the 29 possible hydroxyl substitution products of propane indicated In 
the abgve tables by numbers, five arc underlined, n-propyl alcohol, isopropyl 
alcohol, piopylenc glycol, trimethylene glycol and glycerol. The remaining 24 
can be looked on as being oxidation products of these. The dotted line connects 
those products with the parent substance. Two are derivable from n-propyl 
alcohol, one from isopropyl alcohol, five from propylene glycol and from trimethyl¬ 
ene glycol; eleven from glycerol. The following table shows them rearranged 
according to their usual formulae—that is, their ortho-formulae minus water: 


CHjOH 

CHO 

COjH 

CH,OH 

CHO 

CO,H 

COjK 

('H.OH 

:Lioh 

(IhOH 

<io 

1 

.!o 


(Ihoh 

1 

CH3OH 

tH.on 

tH,OH 

CHj.OH 

CHO 

(ill) 

Clycerol. 

(21X) 

Glyceric 

Aldehyde. 

( 3 ”) .. 

Glyceric Acid. 

(X2X) 

Dihydroxy- 

acetone. 

(aai) 

Unknown. 

( 3*0 

Hydroxypyro¬ 
racemic Acid. 

* V 3 I*) 
Tarttonic 
Semiaide- 
hyde. 
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CHO 

• 1 

CO.H 

CHO 

1 

CO,H 

' io 

1 

CO,H 

1 

( HOH 

1 

(!hoh 

1 

io 

1 

A(oh), 

CHO 

( 313 ) 

Uakoown. 

CO,H 
. (313) , 

Tbrtronic Add. 

CHO 

(asa) 

Mesoxalic Dl- 
aldehyde. 

Aho 

(333) 

Mesoxalic Semi- 
aldehyde. 

iojH 

(333) 

Mesoxalic 

Add. 


Glyceric acid, tartronic acid, and mesoxalic acid arctheonly accurately known 
representatives of these eleven oxidation products of glycerol. Glyceric aldehyde, 
dihydroxyacetone, hydroxyacemic acid, tartronic semialdchyde, mesoxalic di- 
and semi- aldehydes have all been investigated to only a small extent. 


Three hydrogen atoms in glycerol can be replaced by alcohol or 
acid radicals, producing ethers and esters: 


lOH 
C,H,< OH 

(O.C.H.O 

Acetm. 


(OH 

C,H,^ 0 .C,H ,0 

(O.C,H ,0 

Diacetia. 


The haloid esters are the halohydrins: 
C,H,(OH),Cl C,H.(OH)Cl, 

Monochlorbydrin. Dichlorbydrin. 


(O.C,H ,0 

c^hJ o.c,h,o 

|o.C,H,0 

Tkiaoetin. 


Tricblorbydrin. 


Formation ,—^The trihydric alcohols are obtained (t) by heating the 
bromides of the unsaturated alcohols with water ; or— 

(2) By oxidizing the unsaturated alcohols with potassium per¬ 
manganate (B. 28 , R. 927). 

(3) Aldehydes having the constitution RCH2CHO condense with 
formaldehyde in the presence of lime to form tripnmaiy glycerols : 

RCH,CH 0 + 3 CH, 0 -l-Hs 0 =RC(Cn. 0 H),CH, 0 H+HC 00 H. 

(4) Dialkyl ethers ot glycerol are prepared by the magnesium 
organic synthesis from carboxylic esters or alkoxyketones and chloro- 
or iodo-substituted ethers. 

Glycerol [Propanetriol], CH2OH.CHOH.CH2OH. m.p. 17® (solidifies 
below 0°), b.p.700 290° almost without decomposition, b.p.12 170°, 
Di 5=I‘265, is produced (i) in small quantities in the alcoholic 
fermentation of sugar ; hence is contained in wine (p. 114). (2) It 

is prepared by hydrolysis of oils and fats, which arc glycerol esters 
of the fatty acids. Glycerol is also formed (3) from synthetic allyl 
trichloride by heating it with water, and (4) from allyl alcohol when 
it is oxidized with potassium permanganate. (5) Also, by the 
reduction ol dihydroxyacetone. 


Historical.—Scheele discovered glycerol in 1779, when he saponified olive oil 
with litharge, in making lead plaster. Chevreul, who recognized cster-like 
derivatives of glycerol in the fats and fatty oils, introduced the name glycerol, 
and in 1813 pointed to similarities between it and alcohol. The composition of 
glycerol was established m 1836, by Pelouze. Berthelot and Lucca (1853). and 
later Wurts (1855), explained its constitution, and proved that it was the simplest 
trihydric alcohol, the synthesis of which Friedel and Silva (1872) effected from 
acetic acid: 


CO,H CHg CH, CH, CH, CH.Cl CH,OH 

in, io inoH in (^hci inci tnoH 

, (in, in, in, tH,a in,a 



GLYCEROL 



(z) Acetone le obtained from calcium acetate, (a) Acetono by reduction 
passes into isopropyl alcohol. .(3) Propylene result when anhydrous nnc 
chlonde withdraws water from isopropyl alcohol (4) Chlorine and propylene 
yield propylene chlonde (3) Propylene chlonde and iodine chlonde umte to 
form propenyl tnchlonde or ally! trichloride, the tnchlorhydnn of glycerol, 
(6) Glycerol is produced when tnchlorhydnn is heated with much water to z6o^ 
(B 6, 969) Metallic iron and bromme convert propylene bromide into tn- 
bromhydnn. which silver acetate changes to tnacetm Bases saponify the latter 
and glycerol results (B 24 , 4246) 

A second mt^thod of synthesizing glycerol is that of O Ptloty (1897). which 
starts from L Henry's nitro tert -butyl glycerol, the condensation product of 
formaldehyde and mtrometliane (z) Nitro-tert -butyl glyctrol is reduced to 
hydroxylamino-tert-butyl glycerol, which is then (2) oxidized by HgO to di- 
hydroxyacetone oxime 

(CH,OH),C NH( 0 H)+ 20 «(CH, 0 H)*C N 0 H-hHC 0 ,H-|-H, 0 , 

(3) bromme water converts this substance into dihydroxy-acetone : 


2(CH,0H),C . NCH+2Br,-|-H,0=2(CH,0H),C - 0H-N,0+4HBr, , 
which, finally, is reduced to glycerol by sodium amalgam (B 80 , 3161)' 

CHjOH 

✓CHjOH I 

—> (2) NH(OH) C^CHjOH - > (3) C«NOH 

NCH.OH I 

CH,OH 

CHjOH CH,OH 


/CH,OH 
(I) NO,C^CH,OH 
NCH.OH 


io - 

(Ih.OH 


(4) i^HOH 
(!h,OH 


Preparation —Glycerol is produced in Urge quantities during the saponified- 
tion of fats 'ind oils in soap and candle manufacture When the process is earned 
out with superheated steam an aqueous solution of glycerol and free insoluble 
fatty acids aic formed Pure glycerol is pioduced from its solution by distillation 
under reduced pressure 


Properties .—Anhydrous glycerol is a thick, colourless syrup, which 
slowly sohdifies at o"*, foiming transparent crystals. With superheated 
steam it distils cntiicly unaltered. It has a pure, sweet taste, hence 
the name glycerol, and it is very hygroscopic, mixing in every pro¬ 
portion with water and alcohol. It is fairly soluble (i: 3) in acetone 
(A. 386 , 319), but insoluble in ethei. It dissolves the alkalis, alkali 
earths and many metallic oxides, forming with them, in all probability, 
metallic compounds similar to the alcoholates (p. 116). Copper Sodium 
Glycerate, (C3H608CuNa)2+3H20, is obtained from glycerol, copper 
oxide and sodium hydroxide solution (B. 31 ,1453). 

Reactions. —(i) When glycerol is distilled with dehydrating sub¬ 
stances, like sulphuric acid and phosphorus pentoxide, bone acid, or 
preferably potassium hydrogen sulphate, it decomposes into water 
and acrolein (p, 214). 

(2) When heated to 430-450®, glycerol decomposes partly into 
acrolein and partly mto acetol: 

CH,:CHCHO -<^^CH,(OH) CH(OH) CH,(OH)CH.COCH.OH 

(comp, transformation of glycols mto aldehydes and ketones, p. 312); 
the acetol partially decomposes into acetaldehyde and formaldeiiy^lit 
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which, like acrolein itself, unite with glycerol to f9rm acetai^like 
substances (A, 335 , 209), 

(3) When sodium gi)^ccrol or glycerol and sodium hydroxide are 
heated together, hydrogen is evolved and mainly lactic acid is formed, 
together with lower fatty acids, methyl alcohol and propylene glycol 
(A. 335 , 279). 

(4) Platinum black and air, mercuric oxide and alkali or dilute 
nitric acid convert glycerol into glyceric and tartronic acids ; sodium 
and bismuth nitrate oxidize it to mesoxalic acid (B. 27 , R. 666). 
Energetic oxidatioji produces oxalic, glycollic and glyoxylic acids (p. 
400); silver oxide gives rise to formic and glycollic acids (A. 335 ,316). 

(5) Moderated oxidation (with nitric acid or bromine) produces 
glycerosCf which consists chiefly of glyceraldehyde and dihydroxyacetone, 
C0(CH2.0H)2. This unites with HNC and forms trihydroxybutyric 
acid: 

cno niaOH 

I I 

CHOII ('O 

I I 

CFTjOli tH.OH 

Tilyroral- Dihytiroxy 
dchydr. dcctoiip. 

(6) Pilosphorus iodide or liydriodic acid converts it into allyl iodide, 

isopropyl iodule, and propylene (p. T04). (7) In tlio presence of 

yeast at 20-30° it ferments, forming propionic acid. Hy Schizomycetes 
feymentation, induced by Butyl bacillus (B. 30 , 451 ; 41 , 1412), normal 
butyl alcohol (p. 118), trimethylene glycol and formic and lactic acids 
result (p. 314). 

(8) When glycerol is distilled with ammonium chloride, ammonium phos¬ 
phates and other ammonium salts, ^-piroline (Vol. II.), as util as 2,5-dimcthyl 
pyrazine (Vol. II.), results. Under certain conditions it is only the latter which 
is produced ( 24 , .1105 ; 13 . 26 , R. 51^5 : 27 , R. 430, 812 ; A. 335 , 223). 

Uses, —Gl}*cero] is applied as such in medicine. It is also used in 
gas meters. Duplicating plates and hectographs consist of mixtures 
of gelatin and glycerol. 

The bulk of glycerol is consumed in the manufacture,of nitro- 
glycerine (p. 529). 

Glycerol Homologues. —i.2,3-/?«/v/ Ofycerol. CH8.CH(OU).cn(OH).CHjOH, 
b.p.27 172-175''', is prepared from crolonylalcohol dibroraidc (p. 124). 

\t, 2,y1*entartdrtot\, CjH5.CH(0H).('H(0H).CH2.0H, b.p.^j 192® ; [2,3,4- 

Penta 7 %etnol\, C iI,.('ll(OH).CH(OH).Cll(OH).CHj, b.p.j, 180^ Glycerol 

CH3.CHjC(OH)(CiTjOH)j. b.p.^^ 186-189°. These and other glycerols result 
upon oxidizing unsaturated alcohols with potassium permanganate (B. 27 , R- 
165: 28 , R. 927). Perttaglycerol CHaC{CHjOH)j, m.p. 199°, is obtained 
by the action of lime on propyl aldehyde and formaldehyde (A, 276 , 76). 
Dimethyl Pentaglycerol (CHa)jCHC(CHaOH)j, m.p. 83®, is prepared from iso- 
v<aleraldchyde and formaldehyde by the action of lime (B. 80, 1341). These 
substances are iriprimary glycerols. 

[i,i,S~HexaneiHol]. CH3.CH{OH).CH{OH).CH,.CH,.CH30H. b.p.,. i8i®. and 
some other isomers and higher homologues have been obtained from the 
addition products of bromine and hypochlorons acid with the corresponding 
unsaturated alcohols. 
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Acid. 
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Acid. 



GLYCEROL ESTERS OF INORGANIC ACIDS 549-’ 


A. GtYCEROL ESTERS OF INORGANIC ACIDS 


(a) Olyeerol Bslold Est«rs. —^These are called halohydrins (p. 124). There 
are two possible isomeric mono- and di-halohydrins. They are distinguished 
as a-halohydrins and jS-halohydrins: 


CHaa 

CHOH 


t 


H|OH 

Chlorhydrin. 


CHaOH 

(Ihci 

in,OH 
^•Chlorhydrin. 


cH,a 

CH|OH 

1 

(Ihoh 

1 

CHQ 

1 

CH.CI 

CH,a 

n-DIchlorhydria. 

^•Dichlorhydrin. 


The monohdlohydrins may also be regarded as halogen substitution products 
of piopylcne and trimcthylenc glycol, whilst the dihalohydrins are probably the 
dihalogen substitution products of propyl and isopropyl alcohol (p. 117). 

a-Monobalohydrlns are formed when the halogen acids act on glycerol, and by 
the interaction of water and epihalohydrins. arChlorhydrin, CH|OH.CHOH.CH|Cl, 
• ‘ b.p.t, 139®. a Bromhydrtn, b.p.,a i8o*. a~Iodohydnn, b.p.j* 62* (A. 885 , 237). 
6 -Chlorhydrtn, CHaO^.CHCl.CHaOH, b.p-ia 146®, is obtained from allyl alcohol 
ana ClOH (C. 1897, 1 . 741). 

a'Dlhalohydrlns arc produced when the halogen acids (A. 808 , 349) act on 
glycerol, and on the c^ihalohydiins (p. 5^2) (B. 10 , 557). Potassium iodide 
changes the chlorine derivative into the iodine compound. 

a~Dtchlorhydrtn, CH,C 1 CHOH.CH,Cl, b.p. 174®, D,,=i-367, is a liquid, with 
ethereal odour. It is not very soluble in water, but dissolves readily m alcohol 
and ether. When heated with hydriodic acid it becomes converted into isopropyl 
iodide; sodium amalgam produces isopropyl alcohol. When sodium acts on 
an ethereal solution of a-dichlorhydrin. we do not get trimethylene alcohol, 
but allyl alcohol as a result of molecular transposition (B. 21 , 1289). Chromic 
acid oxidizes it to /S-dichloracctone (p. 224) and chloracetic acid. Potassium 
hydroxide'converts it into epichlorhydrin (p. 532). 

a-Dibromhydrin, CHjBr.CHOH.CHjBr, b.p. 219® ; D|,»2'IX. 
a~D%~iodhydrin^ 0=2*4, solidifies at —15®, is a thick oil. 

It readily loses HI and polymerizes to fi-iodopropion aldehyde (C, 1900, II. 169). 
fi-Ethyl a~Dichlorohydrtn, C,HgC(OIl)(CH,CI),, b.p.,, 77®, is formed from sym.« 
dichloracetone and ethyl magnesium bromide (C. X906. I. X471). 

The / 3 -Dihalohydrlns result from the addition of halogens to allyl alcohol. 
p~Dtchlorhydrtn» b.p. 183®, I),=i'379, is converted by sodium into allyl alco¬ 
hol. Hydnodic acid changes it to isopropyl iodide; fuming nitric acid oxidizes 
it to op-dichloropropionic acid. 

Both dichlorhydiins are changed to epichlorhydrin by alkalis. 
B~Dtbroinhydr%n, b.p. 212-214®. 

Trlhalohydrlns are formed when halogens are added to the allyl halides; 
also in the action of phosphorus halides on the dihalohydrins. and when iodine 
chloride acts on propylene chloiidc, and bromine and iron on propylene bromide 
and trim^thylene bromide (B 24 , 4246). 

Trichlorhydfin, Glyceryl Chloride, i,i,yTrichlofOpfopane, CH|C 1 .CHC 1 .CH,CI, 
b.p. 158®. 

Tnbromhydrin, m.p. 16®, b.p. 220®, is converted by silver acetate into glycerol 
triacetyl ester. When this is saponified it yields glycerol (p. 527). 


(i) Olyeerol Eaters of the Mineral Aoida oontaining Oxygen.—The 
neutral nitric acid ester (nitroglycerol )—nitroglycmne (discovered by 
Sobrero in 1847)—the most important member of this class. 

Nitroglycerine, Glycerol Nitrate, CHj(ONO*).CH(ONOa) CHa(ONO,), m.p. 
16®, D=i*6, is produced by the action of a mixture of sulphuric and nitric acids 
on glycerol. The latter is added, drop by drop, to a wcll-cooled mixture of 
two parts of fuming nitric acid and three parts of concentrated sulphuric acid. 
On standing the nitroglycerol rises, and. after separation, is poured into water. 
VOL. I. 8 M ' 
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The heavy oil (nitroglycerine) is washed with water and dried by means of calcium 
chloride. ^ 

Nitroglycerine is a colourless oil, which is easily volatilized at i6o” (x^ mm. 
pressure) (B. 29 , R. 41). It has an acrid taste, and is poisonous when taken 
internally. It is sparingly soluble in water, dissolves with difficulty in cold alcohol, 
but is easily soluble in wood spirit and ether. Heated quickly, or upon 
percussion, it explodes very violently; mixed with kieselguhr it forms dytio- 
mite, and with nitrocellulose, smokeless powder. 

Alkalis convert nitroglycerine into glycerol and nitric acid; ammonium 
sulphide also regenerates glycerol. Both reactions prove that nitroglycerine is 
not a nitro-compound, but a nitric acid ester. 

Partial nitration of glycerol or partial hydrolysis of nitroglycerine by dilute 
sulphuric acid produces the two possible dinitroglycerines, CaH,(OH)(ONOj)g, 
oils, which are not explosive; and also the two monomtroglycerines, CaH5(OH),- 
(ONO)i, m.ps. 59° and 54° ; these substances are easily soluble in water (B. 41 , 
1107). 

Glycerol CjH5{O.NO)8, is formed by the action ol NiOi on glycerol. 

It is isomeric with trinitropropane (B. 16 , 1097). 

Glycerol Sulphuric Acid, CHaOH.CHOH.CH,.OSO,H, is obtained from 
glycerol and sulphuric acid. Propane-i,2,^-trisulpkonic Acid, C3H5(S02H)a. how¬ 
ever, is formed from tribromhydrin and ammonium sulphite (C. 1904, 11 . 944). 

Glycerol Phosphoric Acid, jj » occurs combined with the fatty 

acids and choline as lecithin (p. 531) in the yolk of eggs, in the brain, in the bile, 
and in the nerve tissue. It is produced on mixing glycerol with metaphosphoric 
acid. The free acid is a thick syrup, which decomposes into glycerol and phos¬ 
phoric acid when it is heated with water. It yields easily soluble salts with two 
equivalents of metal. The calcium salt is more insoluble in hot than in cold 
water; on boiling its solution, it is deposited in glistening leaflets (C. 1899, 1 .1105). 
For mono-acidic and neutral glycerol phosphate, CjIIs.OgVO, sec C. 1904, I. 431. 
For the action of PCI, on glycerol, see C. 1902, I. 1048. 

Glycerol mercaptans arc produced when chlorhydrins are heated with alcoholic 
solutions of potassium hydrosulphide. 


B. GLYCEROL FATTY ACID ESTERS, GLYCERIDES 

(а) Formio Acid Esters. Monoformin, C,H5(OH)tOCiiO, is volatile under 
diminished pressure. It is sup])osed that it is formed on heating oxalic acid and 
glycerol. When it is heated alone it breaks down into all>l alcohol (p. 123), 
water, and carbon dioxide. Dtformin is most certainly produced under these 
conditions. Monoformin also results from the action of d-monochlorhydrin on 
so lium formate. Dlformln, CaH5(OH).(O.CHO)2, b-p.-o-so 1^3-100°. 

(б) Acetic Esters, or Acetins, result when glycerol and acetic acid are heated 

together (C. 1807, 11. 47.O- Monacetin, ('3115(0.rOCna)^- 

(OH), b.p. 159® (B. 25 , 34^6). Triacetin, C8Hb(O.C()CH 3)3, b.p. 25.^®, occurs 
in small quantities in the seed of Euonymus europevus, and ha.s also been 
obtained from tribromhydrin (p. 529). Dichloromonacetin and monochlorodiacetin 
(C. 1905. 12 )- 

(c) Tributyrin, C,H5(0C4H,0),, b.p.i, 185® (C. 1899, 11 . 21; 1900. 11 . 215), 
occurs in cow's butter (p. 259). 

(d) Glycerides of Higher Fatty Aelds occur, as already stated (p. 264), in the 
vegetable and animal fatty oils, tats, and tallows. They can be artificially 
obtained by heating glycerol with the fatty acids (C. 1899, II. 20), or from tri¬ 
bromhydrin and fatty acid salts (C. 1900, II. 215). The mono- and di-esters 
(monostearin, dipalmiiin, etc.) are prepared from mono- or di-chlorhydrins and 
salts of the fatty acids, or by csterifying glycerol and the falty acids by means of 
concentrated sulphuric acid (C. 1903, I. 133 ; B. 38 , 2284). if esterification is 
completed with different acids mixed glycerides, such as palmitodistearin, are 
formed, which occur to a ccitain extent in natural fats (B. 86,2766). 

Glycerides are very slightly soluble in cold alcohol, but easily so in ether. 
They are saponified by alkalis or lead oxide (comp. p. 264) (C. 1899, II> 1^99). 
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When boiled with alcohols in presence of a little alkali or acid, the glycerides are, 
to a great extent, converted, into glycerol and fatty esters of the alcohols (C. 
1907. I. 151; 1908. I. 1157; II- 495). 

The mdst important glycerides are: 

Trlmyrlstln» or Myristin. Glycerol Myristic Ester, CaH,(0.Cj4H,,0)„ m.p. 55®, 
occurs in spermaceti, in nutmeg butter, and chieily in oil nuts (from Myristica 
surinamensis), from which it is most readily obtained (B. 18 . aoi i). It crystallizes 
from other in glistening needles. It yields myristic acid, (p. 261) when saponified. 

Trlpalmitln, CgllgjO.CijHaiO),, m.p. (45®) 65®, is found in most fats, 
especially m palm oil; it can be separated from olive oil at low temperatures. 

Trlstearln, 03115(0.0, gHjjO),. m.p. (55®) 71*5®. occurs mainly in solid fats 
(tallows). It can be obtained by heating glycerol and stearic acid‘to 280-300®, 
It crystallizes from ether in .shining leaflets. 

On the phenomenon of the “ double melting-point ** of palmitin and stearin, 
see 0 . 1902. I. iio6- 

Triolein, or Olein, 0jH,(O.0i,Hj3O)a. solidifies at —6®. It is found in oils, 
like olive oil. It is oxidized on exposure to the air. Nitrous acid converts 
it into the isomeric elatdin, m.p. 36® (p. 301). 

Lecithins are widely distributed in the animal organism and occur especially 
in the brain, in the nerves, the blood corpuscles, and the yolk of egg. from 
which stearin-palmitic Idcithin is most easilj' prepared. Lecithin occurs in the 
seeds of plants (B. 29 , 2761). It is a wax-liko mnss, easily soluble in alcohol and 
other, and crystallizes in fine needles. 11 swells up in water and forms an opalescent 
solution, from which it is rcprecipitatcd by \aiious salts. It units with bases 
and acids to sails, forming a spaiingly soluble double salt, (C43H84NP03.HC1),.- 
PtCli, with platinic chloride. Lecithin is decomposed into choline, glyccro- 
phosphonc acid (see above), stcanc acid, and palmitic acid, when it is boiled with 
icids or barium hydroxide solution. Thcrefoie wc assume it to be an ethereal 
compound of choline with glycerophosphoric acid, combined as glyceride with 
stearic and palmitic acids : 


CHa—O.COCi,H„ 

I 

CH OtOC.aTIa, 

CHa—O.PO(OH) 

Lecithin is optically active—dextro-rotatory. When heated in alcoholic 
solution to Qo-ioo® it is racemized, and from this \-lec%th%n, \-lectth%n can be 
separated by lipase (C. igoi, H. 193 ; 1906, II. 493). 

The disteann and dioleo- compounds are also known. Protagon, a substance 
obtained from the brain, appears to be closely related to the lecithins. 

Glyeerol Ethers: i. Alkyl Ethers. 

Mixed ethers of glyceiol ^Mtli alcohol radicals are obtained by heating the 
mono- and dichlorhydrins with sodium alcoholatcs. 

KpicIiJorhydrin, sodium hytlroxidc solution, and an alcohol form glycerol 
dialkvl t'^her (C. i8q8, I. 237). 

Monoethylin, CHjOH.CHOII.CHjOCgHj, b.p. 230®, is soluble in water. 
Glycerol Dtmtthyl Ether, bp. 169®. Diethylin, CHjbH.CH(OCjH5)CHjOCjH5, 
b.p. 191®, dissolves with difficulty in watei, and has an odour resembling that of 
peppermint. Tnethyhn, CjIlRfOC3115)8, b.p. 165°, is insoluble in water. 

Allylin, CHaOII.CHOH.CHjCaHg, b.p. 225-240®. is produced by heating 
glycerol ivith oxalic acid (B. 14 , 194b. 2270), and is present in Ihe icsiduc from 
the preparation of allyl alcohol (p. 123). It is a thick liquid. Diallylin, 
HO.C3H5(OCaH5)a, b.p. 225®-227, is produced when sodium allylate acts on 
epichlorhydrin (B. 26 , R. 50O). • 

Dialkyl Ethers of Homologous Glycerols. 

F.atty acid esters are condensed with, chloromethyl alkyl ethers to form 
dialkyl ethers of homologous glycerols by means of magucsium, which can be 
t rendered more active by means of HgCl, (C. 1907, I. 871): 

RCOOC3H,-l-2ClMgCHaOC,H,-RC(OH)(CH,OCaH5),. 

These dtethylines yield acroleins, similarly to glynTol itself, when treated 
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with oxalic add: two molecules of alcohol are eliminated and a-alkyl acroldns 
result (comp. p. 214). « 

Ethyl Glycerol Diethyl Ether, CaH(C(OH)(CHaOC9H,)s, b.p. 195^ is prepared 
from propionic ester, chloromethyl ethyl ether and magnesium. Propyl Glycerol 
Diethylin, b.p. 210®; the Isobutyl, b.p. 215®: n-Amyl, b.p.|, 119®: Hexyl, 
b.p.jg 136® ; Octyl, b.p-i, 160® ; Decenyl Glycerol Dimethyhn, b.p.j, i8o®. 

1, y~Dimethoxyheptane-/\'Ol, IIC(OH)[CHaCH,CH,OCH,]g, b.p. 247®, is pre¬ 
pared from formic osier, y-methoxypropyl iodide and magnesium. It is a liquid 
possessing a very bitter taste (C. 1906, I. 332). 

2. CyoUe Ethers: 

/:h,— o.cH, 

/CH,.O.CH.\ / I 

Glycerol Ether, CH^-O-XH or CH, yOCH, b.p, xyi®, is 

\CH,.O.CH/ \ X I 

\:h— ocH, 

formed when glycerol is heated to 270—330®, with a little ammonium chloride 
(A. 835 , 209); also, together with diallylin, from epichlorhydrin and sodium 
allylate (see above). It is readily soluble in water, and is hydrolyzed with 
difficulty 

An isomeric substance, m.p. 124®, has been obtained as a by-product of the 
preparation of pyridine bases from 'dycerol and ammbnium ])hosphate (comp, 
p. 528) (C. 1897, I. 583). 

Glycerol derivatives resemblingthe acetalsare formed when formaldehyde, acet¬ 
aldehyde, acrolein, benzaldehyde, or acetone act on glycerol hot, or in presence of 

/O.CH, 

hydrochloric acid. Formal Glycerol, Cll^^ \ or 


>CH 0 H. ' 
O.CH/ 


O.CH.CHjOII 

b.p. 103“ (A. 289 , 29; 335 , 209). Acetal Glycerol, H 0 C,H| 08 >CHCH,. b.p.,* 
86* a-Acrolein Glycerol, H0.CgH50j]>CH.CH;CH|, is i-onirnc with glycerol 
ether or jS-acrolcm glycerol {q v ). Benzal Glycerol, HOCaHROj^CHCjHj, m.p, 
66*. Acetone Glycerol, H 0 C 8 H, 08 >C(CH 8 )j, b.p.j, 83® (B 27,1536; 28,1169), 

.CH CHjOH* 


Glyclde Compounds; Glycide, Epihydrin Alcohol, 


CHj 


b.p. 162* 


Dq=*i*i 65, is isomeric with acetyl cai’binol (p. 341). This body shows the 
properties both of ethylene oxide and of ethyl alcohol. It is obtained from its 
acetate by the action of sodium hydroxide or barium hydroxide. Glycide and 
its acetate reduce ammoniac.al silver solutions at ordinary tMnpeiatures. 

Glycerol also forms polyglycerols. Thus glycerol yields Dlglycerol, (HO)j.C*- 
HBOr3H8(OH)8, when it is treatctl with chlorhydrin or aqueous hydrocliloricacidat 

CH 5 -O—CH .CH .OH 

130“. The polymer of glycide, jjO_cH —CH O-CH 

results from the action of sodium acetate on cpichlorhydnn in absolute alcohol, 
and the subsequent hydrolysis of diglycide acetate with sodium hydroxide. 

XH.CHjCI. 

[ Eplehlorhydrin, OC b.p. 117®, Dga*x*203, is isomeric with mono- 

^ XU, 

chloracetonc, and constitutes the patent substance for the preparation of th"' 
glycide compounds It is obtained from both dichlorhydrms by the action 
of alkali hydroxides (analogous to the formation of ethylene oxide from glycol 
chlorhydrin) (p. 319): 


ClCH,CHOH 


in,Cl 


ClCHj.CH 


<!h.> 


CICH.CH3CI 

I 

HOCH, 


It is a very mobile liquid, insoluble in water. Its odour resembles that of*^ 
chloroform, and its taste is sweetish and burning. It forms a-dicblorhydrin with ' 
concentrated hydrochloric acid. PClg converts it into trichlorhydrin. Con-^^ 
tinued heating with water to 180® changes it to a-monochlorhydrin. Con¬ 
centrated nitric acid oxidizes it toj8-cblorolactic acid. Metallic sodium converts 
it into sodium allylate, CH|nCH.CHgONa. 
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Like ethylene oxide, epicblorhydrm combines with HNC to the hydroxy- 
cyanide, C^,a<^g“. 

Epibronthydnn, C^H^OBr, b.p. 130-140*, is prepared from the dibrom- 
hydrin 

hpt-todohydrtn, CsH|01, bp,a 62®, is prepared from epichlorhydrin by the 
action of KI and alcohol, and subsequent ti eatmcnt with aqueous alkali hydroxides. 
€pthydrtn~ether, [0<C,H5]j|0, bp , 103®, is produced from the above by means 
of silver oxide , and NUro^lycide, NO3 OCjHj^O, b p j, 03®, by silver nitrate 
It also results when alkali acts on cither of the two dinitioglycerols (p. 330) 
(A 335,238, B 41,1117) 

Dx-»p%-%odohydr%n, ICH, (I, m p. z6o®, 13 formed 

when iodine acts on mercury allyl alcohol %od%de, (CsH^O Hgl)s This body, as 
well as mercury propylene-glycol xodxde, IHg CHtCH(OH)CHjOH, is also obtained 
Horn allyl alcohol and mercury salts (comp Mercury Ethanol Iodide, p 326) 
(B 34,1385.2911) 

Epxetkyhn, Ethyl Glyctde Ether, 0 <C,H, OC,H^, bp 129®, and Amyl 
Glycide Ether, bp 188®, are produced from the respective ethcis of chlorhydnn 
by distillation with pqtassium hydroxide (A 335 , 231) Glycide Acetate, 
0 <C,H^ OCOCII,. bp 169®, IS foimed from epichlorhydrin and anhydrous 
potassium acetate 

Nitrogen Derivatives of the Glyoerols. 

Nitrotsobutyl Glycol, CH,C (N03)(CJ:l,0H),, bp 140®, is formed from nitro- 
ethane and formaldehyde (B 28 , R 774) 

1- Amtnopropane Dtol Nil,CH,CII(OH)<Tl,OH. bp,,, 238®. is foimed 

from glycide and aqueous ammonia Similarly, the i-alkyl amtnopropane diols 
can be prepared; tertiary amines react with glycerol a chlorhydnn to form 
quarternary ammonium chlorides, eg (C,H,),N(U)CH,CHOH CH,OH (B 88, 
3500) 2 Aminopropane Dtol, IIOCH, CH(NH,) CH,OH, is foimed when 

dihydroxvacctone oxime is reduced (B 32 , 751) 

2- i4wj«o-tertDio/, CH,C(NH,)(CH,OH), (C 1908# I 8 i 5 ) 

From i,yD%amino-2-propanol is derived the local anaesthetic Alyptn, 
C,H,CO Ot HrCH,N(Cn3),], (C 1905. 11 1551) also t,yDtantltnoptopanol, 
(C,H,NHCH,),C 110 H, from aniline and epichloihydnn (B 87 , 3034), also, 
hnally Trtmethylene-tmtno- 2 - 5 ulphontc acid Ihis substance is obtained from 
bromomethyl taurine, a decomposition product of the thiaxohne derivative obtained 
from allyl mustard oil dibromide (B 39 , 2891) 

BrCil.UI—Sv O BrCH,CHSO,H -HBr CH,—CHSO,H 

I VcR - > I -^ I 1 

<LH,-N/ CH,NH, NH~CH, 

Trtamtnopropane, CH,NH,CHNH„CH,NH„ bp, 93®, is prepared from 
Glycerol friurethane, mp 92®, which is formed from the 

action of absolute alcohol on the tnazide of tiicaiballylic acid (J pr Ch [2] 
62 , 240)* 

tiS-Eetramethyl dtamtno-2'ntiropropafte, [(CH,),N CHJ, CHNO,, or [(CH,),- 
NCH,],C: NOOH. mp 58®, is prepared from 2 molecules of methanol- 
dime&ylamine, (CH,),NCH,OH, and nitromethane It forms salts both with 
acids and alkalis (comp Nitromethane. p 151) When boiled witli wxter it is 
decomposed to formaldehyde. with aqueous aniline it foims DtflMi/*wort»/ro- 
propane, (C,H,NHCH,),C 1 IN 0 ,, by reduction with tin chloride it jiclds fetra- 
methyl-i,^, 2 ‘triamtno^ropane, [(CH,),NCH J,CHNH,, b p. 175® (B 38 , ao 37 )' 


2. DIHYDROXY.ALDEHYDES. • 

Glycerol Aldehyde [Ptopane D*o/a/]. CH,OH CHOH.CHO, mp 138®, is pre¬ 
pared in the pure state by hydrolysis of its acetal (see below) with dilute sulphunc 
acid When treated with alcohol and hydrochloric acid, it is reconverted mtOv 
the parent substance. It crystalizcs m needles from dilute methyl alcoh<^, 
and IS almost insoluble in alcohol and ether It reduces FchUng's solution in 
the cold, and for^ a characteristic compound w ith phloioglucinol (Vol. II.) with 
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loss oi water. The Glycerol Acetal, CHsOH.CHOH.CH(OCaHg)» 130*. 1 ® 

best obtained by oxidation of acrol ‘in acetal (pr 215) with permanganate. 

Glycerol Aldehyde Oxime, CHjOH.CHOH.CH : NOH,is an oil. When wanned 
with alkalis it loses water ancLliydrocyauic acid, forming glycol aldehyde (p. 337) 
(comp, the carbohydrates). In the solid form both glycol aldehyde and glycerol 
aldehyde are apparently to be looked on as dimolecular polymers (B. 33 , 3095), 
2-Chloro~yhydroxy-proliioiiacetul, Cll2{OH).CHCl.CIl{OCH3)2. b.p.j, 9^°, is 
formed from acrolein acetal and UCIO. Oxidation converts it into 2-chloro- 
3-dimcthoxy-propiomc a<i(l, (CHaOjjCH.ClIClCOOH; reaction \\ith ammonia 
produces 2~Hydroxy-yaninto~pyopuniaLctal, CH3(NH2).CH(OH)CH(OCH3)2, m.p. 
55-58% b.p.ji III®, with intei mediate foimation of open ethylenoxy-eom- 
pound. This acetal i^ives rise to the hydrochloride of P^Aminolacttc Aldehyde, 
NHjCH 2CH(OH)CHO, which, on oxidation yields isosorine (p. 541) (J 3 . 40 , 92). 

A mixture of a little glycerol aldehyde with glycerol ketone or dihydroxy- 
acetone (see below) is formed by the oxidation of glycerol with dilute nitiic acid, 
bromine or hydrogen peroxide in presence of a little ferrous sulphate (C. 1888, 
II. X04 ; B. 33 , 309b). It IS known as glycerose, and is condensed by sodium 
hydroxide to inactive acrose. This compound is related to dextiose, which can 
also be formed from each of the two separate compounds above mentioned. 

Methyl Glycerol Aldehyde, CHaCH(OH).CH(OH)C^IO, is a syrupy body 
formed, analogously to glycerol aldehyde, from its acetal, CH3CH(OH)('H(OH)- 
CH{OC,Hj),, the oxidation product of croton aldehyde acetal (B. 35 , 1914)- 

Pentaglycerol Aldehyde, C}l3C{CH20I:l)aCH0, is prepared by condensing 
propionaldehyde with two molecules of formaldehyde. Hexyl Glycerol Aldehyde, 
(CH3)2C(OH)C1I(OH)CH,CHO, is obtained by condensation of ^f-hydroxy- 
isobutyric aldehyde with acetaldehyde (M. 22 , 443, 527). 

Chloral Aldol, CCl,.('.H(OH).Cif(CIIO).CHOH.CH,, and Butyl Chloral Aldol, 
CH,.CHC 1 .C( l2.CH(OH).CII(CIiO).CHOil.CH3, are thick oils. They result 
from the coiulensation of chloral or butyl chloral with paraldehyde and 
glacial acetic acid (J 3 . 2 ^ 798). 


3. DIHYDROXY-KETONES (OXETONES) 


Dihydroxyacetone, Glycerol Ketone [Propane Diolone], CH2OH.CO.CH2OH, 
m.p. 68-75®, IS prepared from its oxime by the action of bioniine (p. 527). It 
tastes swi.et and cooling. Water, nlcohol, and acetone dissolve it easily, ether 
with difficulty. Reduction (p. 527) and the action of the bose bacterium 
(C. 1898, I. 985) convert it into glycerol (see also Glycerose, abov ). It reduces 
Fehling's solution in the cold. 'Hie oxtme, CH20il.C=N{0H).tTl20H, m.p. 
84°. is produced from hydioxylammo-tert.-butyl-glycuol by llgO (I). 30 , 3161). 
Chloracetyl Carbinol, ClOHj-CO-ClT-jOll, m.p. 74®, i.s formed from alienc (p. 90) • 
and HCIO, together with some dichloracctone (C. 1904, 1 . 57()). Uiethoxy- 
acetone, (Caff50)CH2.CO.CH2(OC2nj), b.p. 195®, is prepan d (rom ay-dicthoxy- 
acetoacetic ester, and by distillation ol calcium ethyl glycollate ( 13 . 28 , R. 295). 
Diaminoacetone, NHaCIlj CO.(Tl2Ml2. is obtained by the reduction of di- 
isonitroso-acetonc ( 13 . 28 , 1519). za-KxiYo-bromo-irimethyleuc Glycol\2,2~'Nitro~ 
bromo-propane-diol], IK),CHarBr(N02).('ll201I. m.p. Io0^ is prepared from 
bromonitromethane and lormaldrhydo (C. 1899, I. 179). 


Homologous Dlhydroxyketones. 

Tnmetkyl Triose, (ClljJat (OH).CH(OH)COCHa, b.p.,* log®, is obtained by 
the oxidation of mesityl oxidn, (CHaljC : CHCOCHb (p.' 229), by permanganate, 
and appears to decompose rapidly into acetone and acctol. Dthydroxy-dihydro- 
methyl-heptenone, (CHg),C((Jll)Cll(OH)CH2CIl2COCH3, m.p. 67®, is similarly 
prepared from methyl heptenone (p. 232) and pcrmangantite (B. 34 , 2979; 85 , 
1181). yh-Dihydroxy-hiityl-meihyl Ketone, CH|(OH)CH(OH)CHaCH2COCH3, 
b.p. 2, 190®. results from the splitting up of o-acetyl-S-chloro-y-valerol acetone 
^the condensation product of epichlorliydrin and acetoacetic ester) by means of 
potassium carbonate (B. 34 , igili). It is similarly prepared from cpichlorhydrin 
and sodium acetyl acetone (C. 1904, I. 356). 

Derivatives of Triacetone Jhalcokol, (which 

is as y<^t unknown) are compounds, discussed in connection with pborono fp. 229), 
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such as triacetonamine, triacetone diamine* triacetone hydroxylamine, triacetoue 
dihydroxylaminc* their anhydrides and dinitroso-di-isopropyl-acetone. Similar 
compounds when treated with ammonia* also yield* in part, methyl ethyl ketone 

p. 224). Trimethyl Diethyl Ketopiperidine, 

m.p. 247°, corresponding with triacetonamine (B. 41 , 777). 

The oxetones, discovered by Fitttg, may be considered as the anhydrides of 
the yy-dihydroxyketones. Their constitution is indicated by the formation of 
dimethyl oxetono by treatment of the addition product of dialkyl acetone with 
two molcules of lIBr with potash solution (Volhardr A. 267 , 90): 


Br 


Br 


CH 


,chch,cii,.co.ch,ch,<!:hch. 


H2C 




1 


CH,CHCH,CH,.C.CH,CH,CHCH, 


The oxetones are obtained from the condensation products of the y-lactones 
with sodium ethoxide in. consequence of the elimination of carbon dioxide (see 
P- 374 )- 

Oxptone, b.p. 150* Dimethyl Oxetone, b.p. i69'5®, 

D^so-978. Diethyl Oxcione, b.p. 209°. These oxetones are mobile 

liquids, and poss{‘ss an agreeable oaour. They are not very soluble in water, 
reduce an ammoniacal silver solution, and combine with aHBr to y-dibromo- 
ketones. 


y-Pyyone, (j'H 


^0* may be considered the anhydride of an unsatu- 


rated dihydroxyketone. 


4. HYDROXY-DIALDEHYDES 

Ntfromahme Dialdehyde, NO,CH(CHO)|, or HO*N: C(CHO)j, m.p. 50* 
is a dcnvaliv e of the dialdehyde of tartronic or hydroxymalonic acid. Itssodium 
.sail is prcjMitd fiom mucohronuc acid (p. 402) and sodium nitiite (comp. C, 
rgoo, II 1202). The free aUk-Jiydc is obtained from the silver salt by hydro- 
chioiic acid, in ethereal solution. In aqueous solution it changes into formic 
acid and sym -tiinitiobenzeuc (V'ol. II.). It condenses with acetone in alkaline 
solution to foim />-nitroplienol* and behaves similarly with a scries of other 
ketoiKs* ketonic acid esters, etc. (C. 1899, II. 609; 1900, II. 560). Hydroxyl- 

XH*N 

amine converts nitromalonic aldehyde into nttro-tsoxoMole, NO^C^ |, and 

^CH—O 

salts of the unstable nitromalonic aldehyde dioxime, MeO^.C(CH : NOH)|, 
which cifn be converted into nitromalonic aldoxime mtnU, NO|HC(CN)CH : NOH, 
and fulfhinuric acid, N02HC(CN)C0NH2 (C. 1903, I. 957). 

Chloromalonic Dtaldehyde, ClClI(CHO)j or CHO.CCl: CHOH, m.p. 144*# 
with decomposition, and 

Bvomomalomc Dialdehyde, BrCjHaO,* m.p. 140“, with decomposition, arc 
prepared from nitromalonic aldehyde and mucochloric and mucobromic acids. 
Aniline causes the loss of CO* and converts them into dianils of the dialdehydcs, 
which are liberated by hydrolysis : 

CCICHO -CO, CCl.CH:NgCH, aH.O CCICHO 

- « 

HOjCCCl HCNHC,H, HCOH 

The two dialdehydes are also formed from ethoxyacroleln acetal 
(CjHjOCH : CH.CH(OC*H,), (see Malonic Dialdehyde, p. 347). by chlorina 
and bromine. The 0tio/-configuration (see above) gives rise to strongly ^d ^ 
bodies giving a reddish-violet coloration with ferric chloride. Their stability 
towards alkalis i| remarkable. Hydrazines give rise to pyrasoles (B. 87 , 4638). 
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. 5. HYDROXY-ALDEHYDE KETONES 

HydroMypyroracetnic Aldehyde, CHO.CO.CH^OH, m.p. 134*, is the simplest 
hydroxyaldehyda ketone. It is only known in the form of its osazone, and is 
produced by the interaction of phenvlhyclrazine and dihydroxyacctone (B. 28 , 
1532). 

Pfopantme Trisulphontc Acid, (SO,H),CHCOCH,(SO,H), is a derivative of 
hydroxypyroracemic acid, prepared by the action of fuming sulphuric acid on 
acetone. It is decomposed by alkalis into methionic and sulphoacetic acid (C. 
1902,1. xoz). 


♦ 6 . HYDROXY-DIKETONES ' 

a^^Dikeio-bidyl Alcohol, CH^CO.COCHaOH, is the simplest hypothetical 
hydroxydiketone. A derivative is a-Dthrometkyl Ketol, CH,CBr,.CO.CH,OH, 
m.p. 85®, prepared from bromotetrinic acid (p. 544) and bromine. 

Derivatives of a body. (CHg)tC(OH)COCOCH,. arc found among the reaction 
products of nitrous or nitric acid on mesityl oxide oxime (p. 231). 

i-Ethoxyacetyl Acetone, (CaHjOjCHjCOCHjCOCH,? b.p.j, 84®, is prepared 
from ethoxyacetic ester, sodium, and acetone (comp. p. 350) (C. 1907, I. 871). 

yAminoacetyl Acetone, (CH|CO)2CHNH,, is formed when isonitroso-acetyl 
acetone is reduced. Nitrous acid converts it into Dimethyl Diacetyl Pyrazine (i). 
m.p. 99®, and a diazo-anhydride or furo[Q.h]diatole (2). of which the connecting 
oxygen is easily replaceable by NR and S (see Vol. 11 .; Pyrrnla,h]diaxoles and 
Thio[aLh]diazoles) (A. 325 , 129); 

CH,C—N—C.COCH, CH,G-Ov 

II I II (2) H > 

GH ,COC—N—CCH , CH .COC— 

Hydroxymethylene Acetyl Acetone, (CH2CO),C«=CliOH, m.p. 47®/b.p. 199®. 
which is the aci- or enol-loim of sym.-Formyl Acetyl Acetone, Formyl Diacetyl 
Methane, (CH2CO)2CH.CHO, is a stronger acid than acetic acid, and soluble in 
aqueous alkali acetates. It readily absorbs oxygen from the air, and is decom¬ 
posed by gentle heating with water and HgO into CO^ and acetyl acetonj; 
copper salt, m.p. 214*. 

Ethoxymethylene Acetyl Acetone, (CH,CO)tC=CH(OC,ll2). b.p.j, 141®, is 
formed by condensation of acetyl acetone with orthoformic ether by acetic 
anhydride. It decomposes with water into alcohol and the previous substance. 
It combines with acetyl acetone to ioiva Meihenyl'bis-acetyl Acetone,{CH;fX>'\iC^ 
CH—CH(C0CH,)2, m.p. 118®, which is easily changed by ammonia into di¬ 
acetyl lutidine (Vol. II.), and by abstraction of water into diacetyl m-cresol. 

Aminomethylene Acetyl Acetone, (CIIjCOljC: CHNH*. m.p. 144°, is formed 
fri'in ethoxvmothylenr acityl acetone and ammonia. Amhnomethylene Acetyl 
Acetone, (CHaCfljyC. CHNHCylls. m.p. 90®, results when diphenyl formamidinc, 

; CH.NJICgllj, is hf'Utcil with acetyl acetone (B. 35 , 2505). 

Hydroxymethylene acetyl acetone, as well as the corresponding derivatives 
of acetoacetic ester and malonic ester, can be considered as being foimic acid 
in which the intra-radical oxygen has been replaced by a carbon atom carrying 
two negative groups (X): 

O-CH.OH *>C=CH.OH. 

Formic Acid- Hydroxymethylene Compounds! 

As these bodies arc stiong monobasic acids, the group X^Cb would seem 
to exert an iniluence on the carbon atom combined with it, or on the hydroxyl 
m union with the carbon atom, just as is done by oxygen that is joined with two 
bonds, but the influence may not be as great as in the latter case. The com¬ 
pounds just described are the first of the complex substances, containing only 
C, H, and O, which, without carboxyl, still approach the monocarboxylic acids 
in acidity. Indeed, in some instances they surpass them in this respect (B. 88 » 
8731 i Claiseftf At 88 Tf zj* 
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7 DIALDEHYDE KETONES 

Mesozalle Dlaldabyde* CHOCOCHO, is formed, together with acetone 
peroxide, when phorone ozonide (p 229), (CH|)|C( 0 ,)CHCOCH(Ot)C(CHs)s, is 
shaken with water, and the aqueous solu^on concentrated. It may be in the 
form of a syrup, the hydrate, bohdifying to a glass-Iike substance, or a loose 
light yellow powder (a polymerized body), which, m aqueous solution, is strongly 
reducing in its action The dxphenylhydraxone, CO[CH : NNHCgH,],, m p, 175* 
with decomposition, is formed by the action of phenylhydrazme, and also from 
acetone dicarboxyhc acid (p 568) with diazobcnzene; the inphenylkydroMonet 
C,I^NHN : C[CH : NNHC^H,],, m p 166®, may be prepared (B 88,1634). 

The Dtoxtfne, Dt-tsonUroso-acetone, CO[CH ■ NOH]„ m p 144", wifii decom¬ 
position, IS formed from acetone dicarboxyhc acid and nitric acid , further action 
of N|Oa produces mcsoxalic dialdchyde. The trioxxme, trtoxtnttdopropane, 
HON: C[CH. NOH]*, m p 171®, is formed by means of hydroxylamine (B 88, 
1372) 


8 ALDEHYDE DIKETONES 

See above under hydroxymt thylene acetyl aettont or Aci^formyl dxacetyl 
methane (p 536) 


9 TRIKETONES 

Related Trtketones are obtained from the 1,3-diketones by means of nitroso- 
dimethyl-aiulinc, followed by decomposition of the resulting dimethyl amtdo-actd 
by dilute sulphuric acid (B 40 , 2714): 

NOCgH-NCCHa), , H,0 

(CH,CO),CH V(CII,CO)aC NC,H4N(CH,), —->■ (CH,CO),CO. 

These tii-ketones are orange-red oils which form colourless hydrates with 
water they are very stronj^ly reducing bodies, and indicate a relationship with 
animal hairs 

1 rihelopentane [Pentane 2 3 4 trione] CIIsCO CO.COCHj, bp,® 65—70®, is 
formed by dccompo ing the rt iction product of nitroso-dimc thyl-anilme (Vol II ) 
and acetyl acetone It is in orange-yellow oil, which unites with watertofoima 
colourless ciyst ihne hydiate, CjH^Oj-l-HjO The phenylhydrazone, benzene 
azo acetyl acetone C^HgNHN C(COCH j)j, and the oxime, isonitroso-acetyl acetone, 
HON C(COCH j)a, m p 75® are prepared from sodium acetyl acetone and diazo- 
benztne salts or nitrous acid (A 325 , 139. i 93 ) Tnketopentane and phenyl¬ 
hydrazme io\m 0. bis-phenylhydrazone , with scmicarbazide a bis-semicarbazone, 
mp 221®, with hydrazine hydrite dimethyl-hydroxy pyrazole (comp 1,3-diketone, 
P 350), with a phenylene di imim, a ^ttinexa/tzi^-derivative (comp z.z-diketone, 
p 348^ Alkalis decompose tnketopentane into 2 molecules of acetic acid and 
formaldehyde 

^,^\-Tfthetohexane, CHjCO CO COCjHj, b p j, 70®, is obtained, analogously 
to tnketopentane, from acetyl methyl ethyl ketone, CHsCOCHt COCtH, 
(B 40,2728) 

z,-^,$-rnh8tohexane The/r»0J»tm«,CH,C(NOH)CH,C(NOH)C(NOH)CH„m.p. 
159®* formed, similarly to succinic dialdoxime from pyrrole (p 355). from 
) 3 -nitroso-aa.-dimethyl-pyrrole and hydroxylamine (C 1908,1 16 )o) 

Dlacetyl Acetone, 2,^,6-Triketoheptane, [2,4,0-Heptane Trione] CO(CHjCO- 

CH»)», mp. 49®, IS produced from 2,6-dmiethyl pyrone, 

. ad concentrated barium hydroxide solution, from which it is separated by hydro¬ 
chloric acid It decomposes spontaneously into water and dimethyl pyrone (A. 
257, 276) Feme chloride produces a deep red colour with it The oxime, m.p. 
68®, easily turns into an anhydride (B 28 ,1817). With sodium and lodomethane 
it IS converted into a Dimethyl Diacetyl Acetone, m p 87“ (C igoo. II. 625L 

Aoctonyl Aeetyl Acetone, CH»COCHt CH(COCH,)„ b p 150®,u formed from 
•odium acetyl acetone and chloracetone (C 1902, iX 346). 
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lo. DIHYDROXY-MONOCARBOXYLIC ACIDS 

The acids of this series bear the same relation to the glycerols that 
the lactic acids sustain lo the glycols, and may also be looked on as 
being dihydroxy-derivatives ot the fatty acids. They may be arti¬ 
ficially prepared by means of the general methods used in the pro¬ 
duction of hydroxacids, and also by the oxidation of unsaturated acids 
with potassium pennangaiuite (p. 293) (B. 21, R. 660 ; A. 283,109). 

Glyceric Acid, C31 16O4, Dihydroxypropionic A cid, [Propanediol 
Acid], is formed : (i) By the careful oxidation of glycerol with nitric 
acid (method of preparation, B. 9, 1902, 10, 267; 15, 2071) ; or by 
oxidizing glycerol with mercuric oxide and barium hydroxide solu¬ 
tion (B. 18, 3357), or with silver chloride and sodium hydroxide (B. 
29, R. 545), or with red lead and nitric acid (C. 1898, L 26). The 
calcium salt is decomposed with oxalic acid (B. 24, R. 653) : 

CH,( 0 £l).CH( 0 H).CH,. 0 H-f 0 ,=CH,( 0 H).CH( 0 li).C 0 . 0 H-t-H, 0 . 

(2) By the action of silver oxide on ^-chlorolactic acid, CH2CI.- 
CH(01I).C02H. and a-chlorohydracrylic acid, CH2(0II).CHC1.C02H 
(p. 3O8). (3) By lieating glycidic acid with water (p. 539). 

Glyceric acid forms a S5n:up which cannot be crystallized. It is 
easily soluble in water, alcohol, and acetone. It is optically inactive, 
but as it contains an asymmetric carbon atom(p. 29), it may be 
changed to active Isevo-rotatory glyceric acid by the fermentation 
ot its ammonium salt, through the agency of Penictllium glaucum. 
Bacillus ethaceticus, on the other hand, decomposes inactive g yceric 
acid so that the laevo-rotatory glyceric acid is destroyed and the 
dextro-rotatory acid remains (B. 24, R, 635, 673). This glyceric acid 
is also formed by reduction of hydroxypyroracemic acid (p, 543), 
whilst the 1-glyceric acid is obtained by the action of milk of lime on 
glycuronic acid. Further, both forms can be separated by means of 
brucine (B. 37, 339 ; C. 1905, I. 1085, 1089). 

Reactions, —When the acid is heated above 140® it decomposes 
into water, pyroracemic and pyrotart<aric acids. When fused with 
potassium hydroxide it forms acetic and formic acids, and when boiled 
with it, yields oxalic and lactic acids. Phosphorus iodide converts 
it into ^-iodopropionic acid. Heated with hydrocliloric acid, if yields 
a-chlorohydracrylic acid and aj3-dichloropropionic acid. (Se*c also 
)8-chlorolactic acid (p. 368).) 

When glyceric acid is kept, it probably forms a lactidc or anhydride. This 
is sparingly solubU' in water, and crystallizes in fine nee<llcs. 

Salts and Esters —Its calcium salt, (C>H504),Ca-i-2H,0, dissolves reaflily in 
water ; lead salt, (CjH,04),Pb, is not very soluble in water ; ethyl ester is formed 
on heating glyceric acid with absolute alcohol. The rotatory power of the 
optically active glyceric esters increases with the molecular weight (B. 26 , R. 
540), and attains its maximum with the butyl ester (B. 27 , R. 137, 138 ; C. 1897, 
I. 970 ). 

The homoiogues of glyceric acid (Dihydroxy-acids with adjacent hydroxyl groups) 
have been obtained (i) from the corresponding dibromo-fatty acids ; (2) from the 
corresponding glycidic acids on h('ating them with water (A. 234 , T97); and 

(3) by oxidizing the corresponding unsaturated carboxylic acids (p. 295) with 
potassium permanganate or persulphuric acid, which at the same time occasion 
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stereoisomeric transformation (comp. Dihydroxystearic Acid) (A. 268 | 8 ; B. 22 | 

743 »' C. 1903, I. 319). • 

ap-Dihydroxybutyric Acid, fi-Methyl Glyceric Acid, CHaCH(OH)CH(OH)CO*H, 
m.p. 75®, is resolved from the mixture of its optically active components 
by quinidine. Also, the a-form appears to result from oxycellulose by the 
action of milk of lime (B. 82 , 2598; C. 1904. I. 933 )- ap-Dthydroxyisobutyric 
Actd, a-Methyl Glyceric Acid, CH,OH.C(CH3)(OH)CO,H, m.p. 100®. TriglyccHc 
Acid, m.p. 88®, Anglyceric Acid, m.p. iti® (A. 283 , 109), a-Eihyi Glyceric 
Acid, m.p. 99®. arPropyl Glyceric Acid, m.p. 94®- a-Isopropyl Glyceric Acid, 
m.p. 102(C. 1899, I. 1071). a-Eihyl ^-Methyl Glyceric Acid, Isohexeric Acid, 
CH*CH(OH)C(C,Hb)(OH)COOH. m.p. 145®. is formed from a-othyl crotonic 
acid (A. 834 , 68). 

apvihydroxyiso-ociylic Acid, (CH5),CHCHaCH,CH(01I)ClI(0H)C0,H, m.p. 
ro6® (A. 283 , 291). 

a-Isopropyl p-Isohutyl Glyceric Acid, m.p. 154® (B. 29 , 508). 

Py-Dihydroxybutyric Acid, Butyl Glyceric Acid, CHj(OH).CH(OH)CH3CO,H, 
is a th&k oil. The py~dihalogen and hydroxy-halogen-butyric acids corresponding 
with these, areoblau'cd from vinyl acetic acid (p. -■2^7), or from cpihalogen hydrins 
(p- 532), and hydrocyanic acid; y-Ethoxy-d-hydroxy-butyric Acid is a syrup; 
ethyl ester, b.p.,3 121® ; mtnlc, b.p. 245°. is prepared from epiethylin (p. 533) 
anil hydrocyanic acid ((^ 1903, II. io6 ; 1905, I. 1586). 

yh-Dthydroxyvaleric Acid, CH|(OH)CII(OH)CHjCHaCOjH, rapidly decom¬ 
poses into water and forms hydroxylactone. 

Dihydfoxyandecylic Acid, ^5®, is prepared from unde- 

cylcnic acid (p. 2*»9). Dihydroxysiearic Acid, Cijil34(0H),0* (see Oleic and 
Elaidic Aciils, p. 300) (C. 1902, I. 179; 1903, I. 319). Dthydroxybehenic Acid, 
C,,H4j( 01 1)26,, m.p. 127®, is formed from erucic acid, ^22^ ^ 42 ^ 1 * 

Glycidic Acids arc formed (i) by the action of alcoholic potassium hydroxide 
on the addition product of hy])ochlorous and olefine carboxylic acids (A. 266 , 
204); (2) by condensation 0} kf tones and a-halogen fatty esters by sodium 
ethoxide or sodium amide, whereby the glycidic esters are formed: 

■ (CH,)C ,0 +NaNlI, [■(CH»),O.OiNra 

CO,R.Cn,Cl ^ L COjR.CIICl 

The ariils obtained from these esters easily lose CO, and change into aldehydes 
or kcton<’s (C'. 190O, I. 6O9 ; 15 . 38 , 099). 

In goiK'i.d, the glycidic achls, like ethylene oxide, form addition products 
with tlie halog. n acids, water and ammonia, whereby chloio-hydroxy fatty acids, 
diliydioxy, and amino-hydioxy-fatty acids can be prepared. Many add sodium 
malonic ester, etc. (C. 1906, II. 421). 

XHCOjH 

Glycidic Acid, Epihydrintc Acid, 0 <^ { , is isomeric wdth pyroracemic 

X'H, 

acid. It is produced, like epichlorhydrin (p. 532), from a-chlorhydracrylic acid 
and ) 3 -chloiolactic acid by means of alcoholic potassium hydroxide, Glycidic 
acid, sepftnaled from its salts by means of sulphuric acid, is a mobile liquid miscible 
with w'aler, alcohol, and etliei*. It is very volatile and has a penetrating odour. 
The free acid and its salts are not coloured red by iron sulphate solutions (dis¬ 
tinction from isomeric pyroracemic acid). It combines with the halogen acids to 
) 5 -hrilogcii lactic acids, and with water, either on boiling or on standing, it yields 
glyceric acid. Its ethyl ester, m.p. 162®, obtained from the silver salt with ethyl 
iodide, resembles malonic ester in its o dour (B. 21 , 2053). 

p-Methyl Glycidic Acid, CII5CH.OCHCOOH, is known in two modifications. 
The one, m.p. 84®, unites with water to ojS-dihydroxybutyric acid. The other 

I • I 

modification is a liquid. Epihydrin Carboxylic Acid, CHj.O.CHCHjCOOH, 
m.p. 225®. is obtained from its nitrile, which results from the action of KCN oa 

epichlorhydrin (p. 532). a-Methyl Glycidic Acid, cn2.0.C(CHa)C00H, consists 
of shining leaflets. Th e ethyl ester, b.p. 162-164® (^* 2054). ap^Dimethyl 

Glycidic Acid, CH,CH.O.C(CH,)COOII, m.p. 62® (A. 257 , 128). 


(CHa)>C. 

-> />o 

COjR.CH"^ 
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pP^Dimethyl Glycidic Acid, (CHs)2C.O.(1hCOQH, is formed as a syrup, from 
a-chlorO'jS-hydroxy-isovaleric acid (A. 292,282); ethyl ester, b.p. i8i*^. is obtained 
in good yield from acetone, chloracetic ester and sodium amide (see above) 
(B. 88, 707). pP’Methyl Ethyl Glycidic Ester, b.p. 198”; ^fi-Diethyl Glycidic Ester, 
b.p. 212® ; axid pp-Trimethyl GlycidtC Ester, b.p.jo 81®, etc., are formed according 
to method 2. 

Hydroxylactones are formed Irom those dihydroxy acids in which the hydroxyl 
group stands in the y-posilion to the* carboxyl group. Thus, a-hydroxy-y-lactones 
are obtained by hydrolysis of cyanhydrins of the aldols (p. 33tS): 


CH ,CH (OH )CH ,GHOH 

CN 

HOCH,C(CH„),CHOH 

CN 


CH,CH.CH,CHOH 

I I 

O-CO 

CH,C(CHa),CHOH 

I I 

O- CO 


These hydroxylactones are readily caused by acids to undergo isomeric 
transformation accompanied by wandering of the OH-group; in the case of 
a’hydroxyuiileroiactoHf (see above), the OH-group apparently migrates first to 
the p- and finally to the y-position, forming laevulinic acid (p. 421) (A. 384 , 68 ; 
C. 1914, I. 217). On the other hand, the cyanhydrin of p-chloro-dtethyl-ketone 
(p. 228) and alkali yield salts of Ethyl Trimethylene Oxide Carboxylic Acid: 
I — I 

C,H,C(C 00 H).CH,.C 1 I, 0 . b.p.j, 136® (C. 1908, I. 16x5). 

HO.CHjCH -O 

h-Hydroxyvalerolactone, \ | , b.p. 300-301®, results from 

CHjCH,—CO 

the action ot potassium permanganate on allyl acetic aci<l (A. 268 , fix). 
Hydroxycaprolactone and Hydroxyisocaprolactone, C|H|0Os, aic* colourless liquids, 
into which the oxidation products of hydrosorbic acid by intans of KMnO^ 
rapidly pass on liberation from their barium salts (A. 268 , 34). H^droxyiso^ 

heptolactone, (CH>)aClI.CH.CH(OH).CII,.CO<!), m.p. I12®. Hydroxyiso-octolactone, 

(CHs),CH.CH,CH.CH(OH)CIIaCO.O, m.p. 33® (A. 283 , 278, 291). 

The following section of the hydroxy-amtno, thio-amino, and diamino-carhoxylic 
acids embraces a number of substances which, with the simple amino-acids 
(pp. i8i, 390). commands the greatest interest, as constituting the decomposi¬ 
tion products of the proteins —senne, cystine, ornithine, arginine, proline, 
lysine. 


MoDoamino-hydroxy-earboxylle Acids. , 

a,-Aminohydracryhc Acid, a-Amino-p-hydroxy-propiomc Acid, HO.CHjCH- 
(NHj)COOH, m.p. 24b® with decomposition, h*is been named serine, because it 
was first obtained fiom sericin (silk-gum). It is also obtain'd irom silk-fibroin, 
horn, gelatin, casein, etc., by hydrolysis with dilute acids. It was first synthesized 
from glycolyl aUU hyde (p 337), ammonia, hydrocyanic acid, and hydrochloric acid 
(H. 35 , 3794); also, by the following steps : formic ester and hippuiic ester were 
condensed by sodium ethoxidc to formyl hippurtc ester, CHO.LH(NHCOC,H5)- 
COOCjHa (p. 543). which, on reduction, yields fttfwroy/ ester, HOCH*CH- 
(NHC0C^H5)C00C,H*, m.p. 80®; this, on hydrolysis, gives serine (A. 887 , 222). 
The best synthesis consists in preparing p-ethoxy-a-’amino-propionic acid 
CaH,OCH».CH(NHt)COOH, m.p. 256® with decomposition, from ethoxyacetal- 
dehyde (p. 338), NH,, HCN, and HCI, and decomposing this with hydrobromic 
acid (B. 89 , 2644)^ 

Serine forms hard crystals, soluble in 24 parts of water at 20®, but insoluble 
m alcohol and ether. As an amino-acid it reacts neutral, but forms salts with 
bases and acids. The taste is sweet, like glycocoll. 

Both synthetic and natural serine are optically inactive on account of racemisa- 
tion ; resolution can be effected through the quinine salts of the -p-nitrobenMoyU 
derivative into d- and l-serine, [alDtgM 4-6*8®, m.p. 228® with decompositioo, 
soluble in 3-4 parts of water. d-Seiine tastes sweeter than 1 -serine (B. 88,2942) 
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Serine Methyl Bst$r, a syrup, loses alcohol spontaneonsly and passes into a 
di-aci-piperazine (p. 391): 

CH,OH.CH<^^j!j^>CHCH,OH. 

ot which the l-form [alDii"* —67-46* appears to be identical with a decomposition 
product of silk-fibroin. 

Nitrous acid converts serine into glyceric acid. PClg changes serine ester into 
fi^chloro-a-amino-propionic acid, which, on reduction, yields alanine; l-serine gives 
d-alanine (p. 388). 

fi-Naphthaline Sulphosenne, m.p. 214*. Serine fi-Phenyl Cyanate, m.p. 169*. 

p-Amino-laciic Acid, arHydroxy-p~amino-propionic Acid, Isoserlne^ HgNCHg* 
CH(OH)COOH, m.p. 248® with decomposition, is prepared from 8-chlorolactic 
acid (p. 36S) or from glycidic acid (p. 539), and NH«; from op-diaminopro- 
pionicacid, hydrochloride, and silver nitrite (B. 37 ,336. 343,1278); also by reduc¬ 
tion of the addition product of acrylic acid and nitrous acid (C. 2903, II. 343); 
Isoserine ethyl ester, m.p. 78®; methyl ester, a syrup, passes easily into isoseryl 
isoserine ester, and dipeptide. Isoscrine ester hydrochloride yields glyceric ester 
with sodium nitrite. Reduction produces jS-alanine (p. 393) (B. 87 , 1277; 88, 

4*71)- 

a~Amino-p-hydroxy~hutync Acid, CH,CH(OH).CH(NH,)COOH, m.p. 230® 
with decomposition, is <^tained by reduction of the addition product of crotonic 
acid and nitrous acid. lil and phosphorus yield o-aminobutyric acid (C. 1903, 
II- 55 t)- 

a-Amino-y-hydroxy-btityric Acid, HOCH,.CHgCH{NHt)COOH, m.p. 207® 
(indefinite), is obtained by the decomposition of ^-hydroxy-ethyl-phthalimido- 
malonic mono-ester lactone, a product of ethylene bromide and sodium phtha- 
limidomalonic ester (C. 1008, II. 683). The hydrobromide of the lactone 
(formula, see below) is obtained by heating together hydrobromic acid and 
Y~Phenoxy~a-atmno-butyric acid, m.p. 233® with decomposition. This substance 
IS prepared by acting with ammonia on phenoxybromobutyric acid, the result 
of brominalmg and then decomposing phenoxycthylmalonic acid. The oily 
lactone changes spontaneously into di-fi-hydroxyetkyl dtketoptperasine, m.p. X92® 
(B. 40 ,106): 

20 CH,CH,Ch/^° ->- nOCH,CH,CH<^^^“>CH.CH,CH,OH. 

a-Amino-y-hydroxy-valertc Actd, CHgCH(OH)CHgCH(NHg)COOH, m.p. 212.® 
with decomposition, is prepared from aldol, NHg, HCN, and HCl. Like thv 
previous substance, it readily passes into the aminolactone, b.p.jg 124®, which 
spontaneously changes into the dtpepttde anhydride, m.p. 224®. Reduction with 
HI yields a-amino-n-valeric acid (B. 85 , 3797 )« 

o-AfninO'y-hydroxy~valeric Acid, NHgCHgCH(OH)CHgCHgCOOH, is formed 
from alkyl acetic acid dibiomide (B. 32 , 2O82). 

a-Afntno-h~hydroxy-valertc Acid, HOCHa.CIIgCHjCH(NHj)COOH, m.p. 224® 
with decomposition, is prepared from phthalimidobromopropyl malonic ester, 
BrCHgCHjCH,C(CO,R),N(CO)jC.Hg (C. 1905. II. 398). 

Monamlnothlooarboxylic Acids. 

a-Amino-B-thiolactic Actd, Cysteine. HSCH|.CH(NHg)COOH, is easily oxidized 
by the air to the disulphide. Cystine, HOOC.CH(NH,)CH,S.SCH,CH(NH,)COOH, 
decomposes at 258-201®. The laevo-rotatory form of this substance is obtained 
from many proteins, especially from hair, horn, egg-shells. It is the chief 
sulphur compound of the proteins. It occurs also in the crystallites of those 
sufiering from cystinuria (C. 1905, II. 1237). The action of nitrous and hydro¬ 
chloric acids changes cystine into a-chlorodithiolaciic acid, (SCHjCHCl.COOH)*, 
which yields fi~dtthiopropionic acid, (SCHjCHjCOOH)*. on reduction. Hydro¬ 
bromic acid produces cysteinic actd, SOjH.CHj|CH(NHj)COOH, which loses 
CO| and changes into taurine, SOjH.CHgCHgNHj (p. (C. 1902, II. 1360). , 

Cysteine and cystine are closely connected with serine : (i) when^-chloro-«- 
amino-propionic acid (above) is heated with Ba(SH)t. it yields first cysteine and 
then cystine ; (2) the syntbeic benzoyl serine ester (p. treated with P-S* 
gives benxoyl cysteine ester, HSCHjCH(NHCOCjH,)COOC|H5, m.p. 158*, which 
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on hydrolysis is changed to i-cysteine and i-cystine (A. SSTy 222 ; B. 40 ^ 57^7). 
1-Sei^e produces the natural laevo-rotatory cystipe [alDjj= —224®, Cystine forms 
crystals which dissolve with difficulty in water. Saits (C. 1905, II. 220); dimethyl 
ester, is a syrup; hydrochloride, m.p. 173®, with decomposition (C. 1905, II, 
1237)- 

a-ThiO'p-amino-propionic Acid, Isocystelne, NH,CHj|CH(SH)COOH, hydro~ 
chloride, m.p. 141® with decomposition, is obtained from p-alanine (p. 393) 
by gradual transformation of its urcide, hydrouracil (p. 444)—into bromohydro- 
uracil, then into cyanohydrouracil, and decomposing the latter with hydrocMoric 

acid, 

CO-NHCH, NHjCll, 

iIh—CO—CH.SCN COOH.CH.SH 

Isocystelne is oxidized by iodine to IsocystIne, rSCH(CHj,NH3)COOH]g, m.p. 155®, 
with decomposition ; and by hydrobromic acid into Isocysteine acid, llOgS.CH- 
(CH,NH,)COOH (B. 38. 630). 

a^Thio^y-amino~biityrio Acid and y-Arntno-a-butyro-sulphonic Acid, NHjCHg* 
CH,CH(SOaH)COOH (B. 41, 513). 

Diamlnomonocarboxylic Acids. 

Diaminopropiomc Acid, ClIgNHg.CHNHj.COjH, Is obtained from aj3- 
dibromopropionic acid by means of aqueous ammonia; also by the decompo¬ 
sition of hippuryl asparaginic acid (p. 554). Optical resolution has bf’cn per¬ 
formed by mc^ans ot its saltswith d-camphor sulphonic acid (Vol. If.); and through 
the quinidine salts of dibenzoyl diaminoproptonic acid (C. 1900, JI. TI19; B. 
89, 2950). The dextro-rotatory compound reacts with 1 molecule of HNO» 
to form iboscrine (p. 5 \^), and with 2 molecules of HNOg to piotluce 1-glyccric 
acid. Diaminoprnpionic methyl ester is changed by heat into the ester of di- 
anunopropionyl diaminopropionic ester, one of the dipeptides (B. 38, 4173). 

ap-DiaminohiUyric Acid, CH3C’H(NIl2).CH(NH2)COOH, is formed from 
a)S-diljiomocrotonic acid and ammonia, together with a hydioxyaminobutyric 
acid (C. 1906, II. 764). 

ay~Diaminohutyrxc Acid, NH2CH2CH2CH(NH2)COOH, is obtained from 
phthalimido-ethyl-malonic ester by bromination, hydrolysis of th(‘ phthalimido- 
a-hromobutyric acid formed, treatment with NHa, and final decomposition ; 
derivative, m.p. 20T® (B. 34, 2900). 

oB-Diatninovaleric Acid, Nil2CH2CH2CnaCH(NIl2)COOH, is synthetically 
prepared from S-phthalimido-a-bromovaleric acid, and fiom tlie condensation 
product of phthalimidopropyl bromide with sodium phthjilimuloin.Uonic ester 
(C. 1903, II. 34), It is the optically inactive form of the dextro lohdoiy Ornithine, 
This body is produced, together with urea by the action of bariinn hydroxide 
solution, on Arginine, a-Amino~h-guanidi}w~valcnc Acid, NIl2(NlI)C.NHCH2- 
CHjCH2CH(NIl2)COOII, a substance found among the decomposition products 
of many animal and vegetable proteins (B. 34, 323O ; 38, 41^7). Permanganat<* 
converts arginine into y-guanidinohutyric acid (C. 1902, II. 200). It is prepared 
synthetically from cyanamide, CN.NHg, and ornithine (B. 34, 454 ; C. 1902, I, 
300). The dtbenzoyl derivative of ornithine, Ornithuric Add, m.p. 185®^^ occurs 
in the urine of hens when fed with benzoic acid (B. 31, 0- 

Cn2.CH(COOH)^ 

a-Pyrrolidine Carboxyixc Acid, Proline, I - 'NH, is the imine 

of oS-diaminovaleric acid. It results when casein, gelatin, and other proteins 
are treated with hydrochloric acid. It can be synthetically prepared in 
several ways, more partitularly from aS-dibromovaleric acid and ammonia; 
and from S-bromo-a-ainmo-valt-ric acid, the decomposition ])roduct of broino- 
propyl phthalimidomalonic ester (C. 1908, II. 680; B. 33, 1160; 84, 3071; 
37, 3071; C. 1902, n. 2H|). 

it is connected with the mta-alkaloids. 

ae-Diaminocaproic Acid, Ml2Cll2rHaCIl2CH2CH(NH2)COOH, is prepared 
synthetically by the reduction of a-hydroxiniido-y-cyano-valeric acid by means 
id sodium and alcohol. This pioducl is the inactive form of the optically active 
lysine, which is formed in the decomposition of caseui and other protein.s. Pan¬ 
creatic decomposition converts lysine into pentamethylene diamine (cadaverine. 
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p. 334); and ornithine into tetramethylene diamine (putresceine, p. 333) (B. 82 « 
3542 ; C. 1902, I. 9S3). Permanganate oxidizes lysine into glutaric acid, together 
wi*^ hydrocyanic and oxalic acios (B. 85 » 3401). 


Like the simple amitio-acids, the hydroxyamino-, thioamino-, and 
d'amino-carboxylic acids are connected with one another and with the 
mono-amino acids in so far that through their amides they go to form 
]irotein-like bodies, such as di~ and poly-peptides and dipeptide anhy¬ 
drides [diazopiperazines, p. 391). Therefore, in general, similar methods 
of formation can be employed in both cases: Diglycl Cystine, [NH2- 
CH2CONHCH(COOH)CH2Sl2, is prepared from bischloracetyl cystine 
and ammonia; from bromisocaproyl proline; anhydride, 

m.p. 126-129°. Prolyl Alanine, from a8-dibromo-valeryl-alanine; anhy- 

Xlla-N—CO.CH, 

dride, m.p. 171-121°. Prolvl Glycine Anhydride, CHjQ | \ , 

\CH|.CIl—CO.NH 

m.p. 183°, is obtained by tryptic digestion of gelatin (comp. B. 37 , 
3071, 4575; 38 , 4173^; 39 , 2060, etc.). 

Dihydroxyolefine Monocarboxylic Acids. 

The y-lactones of thebe bodies arc the tctronic acid and mono-alkyl tetronic 
acids. These substances can also be looked on as being the (7ci-iornis of P-Ketoy- 
lactones. They arc, therefore, considered under the heading of hydroxy-ketone- 
caxboxylic acids (below) according to the principle set down on p. 398. 

11. 12. Aldo-hydroxy-carboxy'Io Acids and HyJroxy-keto-carboxyilc Acids. 

liydroxypyroracemic Acid, CH,OH.CO.COOH, or Formyl Hydroxyacetic 
Ac%d, Tattromc Acxd Semt-Aldihyde, CHO.CH(OH)COOH, is formed when 
nitioc^lliilo^e (collodion cotton) is treated with sodium hydro^ido solution. 
Kcduction converts it into /-L,dyceric acid ; hydrocyanic and hydrochloric acids 
produce /- and some moso-tarldiic acid (C. IQ05, 1 . 1088). Formyl- or Hydroxy- 
methylene Htpputic Ester, OCH.Cn(NllCOC,H,)COaR. or HOCH : C(NHCOC,Hb)- 
CO,K, m.p. 128® (comp. p. s^o), a derivative of formyl hydroxyacetic acid. 
Txihromomethyl Ketol, ClijOH.CO.CBrg, decomposes at 174® (see Bromotetronic 
Acid. p. 514 ). 


The following substances are derived from the enol- or ^?c^-form of 
a-Hydroxyacetoacetic Acid, CH3COCH(OH)COOH, and y-Hydroxy- 
acetoacetic Acid, HOCH2.COCn2COOH, both of wliich are unknown 
in the simple form. 


a-’Thxoacetoacetic Ester, S[CH(C0ril3)C02CjH5]„ keto-ioxm, m.p. 70®, is 
prepared by the action of sulphur chloride or thionyl chloride on acctoacotic ester. 
The solid heto-iorm is convcitcd into the oily enol- or act-form by the influence 
of bolvcflts (alcohol, benzene), or a trace of alkali; soda causes the re-production 
of the fteto-body (B. 39 , 5255)- Benzene-snlphonc-tkioacetoacetic Foster, C^Hj- 
S02.SCH(C0CH2)C0aC*H2, m.p. 55°. is prepared from a-chloraceloacctic ester 
and benzene thiosulphonate (J. pr. Ch. [2] 70 , 375 )- 


a-Nttro-methyl-xsoxaxolonc, ON:C(CH5).CH(N03)io, decomposes at 123®, is 
formed when isonitroso-methyl-isoxa/olono is oxidized by nitric acid (B. 28 , 
2093 )* 

a-Amino-acetoacetic Acxd, CHsCO.CH(Nli2)COOC|H5, is obtained by the 
reduction of isonitroso-aceto-acetic ester (p. 546) by zinc and sulphuric acid, 
together with dimethyl pyraztne dxcarboxylxc ester (Vol. II.). Amino-acetoacetic 
acid reacts with nitrous acid to form Dxazo-acetoacetic Ester Anhydride, 

>0-N. /N 

CH,C 4 >N, or CH,COC(CO,R)<( II, an oil, bp.^ I02-I04*. Acids 

^C(CO,R)/ ^ 

and alkalis convert it into acetic and diazo-acetic acids (p. 402). WhelPboiled 
with water or superheated to above no®, it breaks down into nitiogcn and methyl 
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malonic mono-ester (£.. Wolff, A. 825 , Z29)> & decomposition which may be 
explained as follows {Schroeter ): 


CH,COC(CO,R)<^ 


N,+CHaCOC(CO,R)< 

H.O 

CH3C(COgR)=CO —^ 


CH3CH(CO,R)COtH. 


Ammonia or amines convert the diazo-anhydride into pyfro\js.h'\diaxoU ; 
H|S produces thio[ix\>]diazole (Vol. II.). ) 3 -Diketoncs react with it as with aromatic 
diazo-bodics (Vol. II.), forming azo-compounds, such as hydrazones, which easily 
condense further to pyrazoles. 

a-IsonUramine Acetoacetic Acid; sodium saU, CH3C0CNa(N303Na)C03C|H3 
(PP- 397. 4z6). 

Lactones of the y-Hydroxy-aeetoaeetic Acids (pp. 420, 341) are tetronic acid 
and the alkyl tetronic acids. Substances of this class were obtained by Demargay 
from y-mono-bromo-substituted mono-alkyl acetoacetic esters by alcoholic 
potassium hydroxide, and were named by him tetrinic acid, pentinic acid, etc. 
Michael recognized in tetrinic acid a kcto-lactone (formula i). £. Wolff 

examined the parent substance of these compounds and cnlVd it tetronic acid, 
and derived Dewnreay's acids from it under the names of a-methyl-, a-ethyl 
tetronic acid, etc. (A. 291 , 226). The keto- and enol-formitlje (I. and II.) are 
applicable to tetronic acid and a-methyl tetronic acid (tetrinic acid): 



but Cofirad and Cast favour the hydroxyl formula, through indirect evidence, 
namely : that they prepared the lactone of y-hydroxy-dialkyl-acetoacetic acids 
Irom (lialkvl acetoacetic esters and y-bromo-dialkyl-acctoac(*tic ester, and 
they showed that these true keto-lactoncs differ throughout in boiling-point and 
chemical behaviour from tetronic acid and the a-alkyl tetronic acids. 

C(OH)CH,y 

Tetronic Acid, || /O (i) is prepared from sjmthctic tetronic ester, 

Cll-CO^ 


by hydrolysis, and elimination of COj (B. 36 , 471); also by reduction by sodium 

C(OI-l)CH,. 

amalgam of a’Uroniotetronic acid, || \0 (2) the decomposition product 

CBr—CO^ 


CO—CH, V 

of oy-dibromacetoacetic ester. Dibromotetronic acid, \ (3) is 

CRr,—CO^ 

obtained from bromotetronic acid and bromine. It slowly decomposes into 
bromotetronic acid and tribromo-methyl-ketol (p. 543), with elimination of CO*. 
C(OH )CH,. C(OH )CH 

(I) II >0 - (2) II >0 -^ (3) 

CH-CQ/ CBr- 

qOHl.CH,. 

Tetrinic Acid, a-Methyl Tetronic Acid, || ^O, m.p. 189®, b.p. 

CH3C.C.0-^ 

292®, with partial decomposition, results on heating y-bromo-methyl-acoto- 
acetic ester or by treating it witli alcoholic potassium hydroxide. Heated witli 
water to 200“, it breaks down into ethyl ketol (p. 34Z) and CO*, and when it 
is boiled with barium hydroxide it yields glycollic acid and propionic acid. 
Chromic acid oxidizes it to diacetyl and CO* (A. 288 , i). 

Pentinfe Acid, a-Ethyl Tetronic Acid, m.p. 128®. Hexinie Aeid, a^Propyl 
Tetronic Acid, m.p. 126°. Heptinie Acid, orlsobutyl Tetronic Acid, m.p. 150®. 

It is the tertiary methime group of the tetronic acid (formula i, above) and 
the methylene group in tin; diketone formula (I., above) that react most actively 
with other substances: iodine produces directly iodotetronic acid ; fuming 
sulphuric gives rise to sulphoietronic acid. Nitrous acid gives oximidotetronic 
'acid, Oximido-hetobutyrolactone, (C,H* 0 ,); NOH. m.p. 136®, with decomposi¬ 
tion, which on oxidation yields Nxtrotetronic acid, (C^HjO,): NOOH, m.p. I 95 "» 
with decomposition ; this substance can also be prepared directly^ from tetronic 
acid and nitric acid. Reduction results in the formation of aminoMronic add, 
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from which nitrous acid produces (i) Dtasotetrontc ankydf%d$t mp. 93*. It is 
stable towards acids, but with alkalis generates nitrogen and forms (2) glycoilo* 
glycolhc Actd, m p 100^ (p 367): 


XH, C(OH) 
(I) 0<; 11 

XO C(NH,) 




< 


CHjCOOH 
CO CH,OH 


Tetronic acid rcS.cts with dia7oben7cne salts to form d%ketob%uvrolact<me 
phenylhydroMone, NNHCgHs which is isomenzed by alkalis to salts 

of benrene azotetronic acid a-Methyl 1 etrontc aetd is converted by rupture of 
the nng into glycolyl pytoracemxc aetd phenylkydraxone. 


XHjCOOH 

NNHC.H, 

by diazobonzene salts 

Aldehydes and ketones unite very readily with two molecules of tetronic acid 
to form alkyhdene bts tetromc acxds, (C4HsO,)sC^^i* substances from which 
further condensation produces a series of interesting cyclic compounds (see Vol 

IT) (A. 812,119. 822,351) 

Etkoxyl AcetoaceUc Ester, {C2H50)CH2C0CH|C00C,Hj, or CHjCOCH- 
(OCjHft) COjCaHs b p ^ 105®, is formed by leduction of ethoxyl chloraceto- 
acetic ester, the condensation product of chloracetic c ster and sodium (A 269 ,15) 
y 'Methoxyl Dimethyl Acetoacttic Ester, (CHgO)CHt CO C(CHa)2C02C2H,, mp 
70®, bp is prepaied from y bromo>dimetbyl acetoacetic ester and sodium 

methoMde in methyl alcohol (13 30 , 856) 

y-Acetoxyla’AcetylButyric Fster CjHjO OCHj CH2CH(C0CH8)C02CH2, b,p 
150-153°, IS formed from glycol bromacelm (p 230) and sodium acetoacetic 
ester (< 1904, II 586) 

orHydroxylcevulmic Acid CHjCO CHjCH(OH)COjH, m p, 103®, and B- 
Hydroxylavutinic Acid, CH3COCH(OH)CH4C OjH, an oil, are prepared from tne 
corresponding bromolxvuhnic acids (A 264 , 259) Chloral acetone (p 342) 
may be con >i<iered as being the orthotnchlorido of the first of these acids 

a’Amino^a’-metkyl-tesvulimc Acid, the nitrile (formula, see below), bp^y 
io8“, is formed fiom acetonyl acetone (p 351) and ammonium cyanide It 
readily loses water and passes into a cyclic imme or pyrroltne derivative (B 40, 
28S6) 

CH.COCH. Cil. C (rH>)(NIIj)CN CH*—C(CH,k CN 

I -^ I -^ I >NH 

CH,COCH, CII CO( H, CH — C(CH,r 

Ketohydroxy%tear%c Acid C Ha[CH*]aCH(OII)CH8CH8CO[CH8],COOH, m p. 
84". IS obi lined from ncinostearohc acid (p 302) An isomeric ketohydroxy- 
stearic acid m p 64°, is obtained by oxidizing oleic acid with permanganate in 
neutral <^olution (B 86, 2657) 

H^droxy-oleflne Ketocarboxylie Acids include Uydroxymethylene Acetoacetic 
Ester, HOCH C(COClla)CC>jK which can also be looked on as being the act- 
form of formyl acetoacetic ester among the aldehydoketone carboxylic acids 
(below)* 


13 ALDEHYDOKETONE CARBOXYLIC ACIDS 

Glyoxyl Carboxylic Acid, CHO CO COjH, is formed by the oxidation of 
tartaiic acid by chlorine in the presence of ferrous salts , also Ironi dihydroxy- 
maleic acid [q v ) and fciric sulphate (C 1902, I 857, 978) Unc Acid may be 
looked upon as the diureide of this half-aldi Uyde of mcsoxalic acid Di I’iomtroso^ 
propionic Acid, HON.CH C N(OH) CO*H. is the dioxime of glyoxyl caiboxylic 
acid It is obtamed from dibroniopyroiacemic acid It is known in two modx- 
ficatiena, the one m p 143®, the other m p 172® (B 25,909) Furazan Carboxylic 
N.C CO H 

Acid, OK.' • , mp 107°, IS the anhydride of this dioxime It resulti 

XN ^ 

from the oxidation of furazan propionic acid with KMnOg Sodium hydroxi^tf * 
causes it to rearrange itsi If into i yanoximido-acetic acid (A 260 , 79 , B. 84 ^^ 
1x07) OsoMone of glyoxyl caiboxylic acid, CH(NNH 08 H 8 )C(NNHC 8 H|)COOH, 
mp 223® 
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Glyoxyl Proplonle AeM, HCO.CO.CH,CH,CO,H, results, together with 
didcetyl, when ^S-dibromolaevulinic acid is boiled with water. It forms a yellow 
varnish. It passes into succinic acid upon oxidation. Its oxime is yh-dioximido~ 
valeric acid, HC(:NOH).C(N’OH).CH,.CHa.COj|H, m.p. 136®. Concentrated 
sulphuric acid changes it into the anhydride, Furaxan Propionic Acid, 

m.p. 86®, Sodium hydroxide converts this acid into 

cyanoximidobutyric acid (p. whilst with potassium permanganate it yields 
furazan carboxylic acid. In the form of a keto-aldehyde (sec pp. 346, 349), 
glyoxyl propionic acid condfniscs with ammonia and formaldehyde to a. glyoxaline 

■,N- CH 


propionic addt CH 




\ 


II 


NH.CCH,CH,CO,H 


, which is also produced from histidine, 


one of the protein decomposition bodies (C. 1905, II. 830 ; 1908, II. 606). 

Oloxyl Iso butyric Acid, CHO.CO.C(CH,)bCOOH. m.p. 138®, is obtained from the 

1 ■ I 

isomeric Dihydroxyacetyl Dimethyl Acetic Acid Lactone, (nO)CH.CO.C(CH,),COO, 
m.p. 168®, by solution in soda and subsequent precipitation bv hydrochloric acid. 

The lactone was obtained on treating y-methoxy-dimothyl-acctoacetic ester 
with bromine, and then decomposing the monobromosi^bstitution product with 
water (B. 30 , 850). 

Derivatives of an aldehydo-keto-carboxylic acid, CHO.CII,CO.CO,H (or 
an unsaturated hydroxy-aldehydic acid, CllO.CH:C(OH)CO,ll), are probably 
exemplified by muco-hydroxy-chloric acid and muco-hydroxy-bromic acid (p. 402) 
(Am. 9 , 148 : 160). 

Fonnyl Aceioacctic Acid, CHO.ClI(COCHj)COOH, and in its dcsmotropic 
«Mo/-lorms, HOCH:C(COCIIs)COOH. and CH,C(01I):C(C:H0)C02H, is the 
hypothetical acid from which may, perhaps, be derived 

Hydroxymethylene Acetoacetic Ester, HOCH=C<qq^ 5 ^^*, b.p.ji 95®, which 
is formed by the action of water on Ethoxymethylene Acetoacetic Ester, 


b.p.15 150®. The substances are also obtained from 

orthoformic ester and acctoacelic ester by heating them with acetic anhydride 
(B. 26,27^0). ITvdroxymcthylene acetoacetic ester is astrong acid (sec Hydroxy¬ 
methylene Acetyl Acetone, p. 536); it is readily soluble in alkali acetates, but 
is insoluble in water: copper salt, m.p. 15O®. Ethoxymethylene acetoacetic 
ester i.s converted by ammonia into Aminomethylene Acetoacetic Ester (C,II,Oj)- 
=CH.NHj, m.p. 55®, and combines with acetoacetic ester to form Mcihcnyl 
Uis-acetoacetic lister, (C,HgOa):CH(CrtHB 08 ), m.p. 9O®. The l.itter is converted 
by ammonia into lutidinc dicarboxylic ester (Vol. II.); and by sodium ethoxide 
into m-hydroxyuvitic acid (L. Claisen, A. 297 , 14). When alkoxymethylene 
acetoacetic acid is melted with sodium acetoacetic ester, two dyes of undeter¬ 
mined structure are formed— xanthophanic acid and glaucophanic acid (B. 39 ,2071). 


14. DIKETOCARBOXYLIC ACIDS 

Paraffin Olketocarboxylic Acids. 

a(^-Diketobutyric Actd, a^-Dtoxybutyric Acid, Acetyl Glyoxylic Acid, CH,CO.- 
CO.COOH. The acid is unknown in the free state, but the ester is obtained 
when acetoacetic ester is acted on by NjOj, in acetic anhydride and ether 
solution. The esters are orang<‘-yellow, mobile liquit.ls (comp. a-Dikctoncs and 
a-Triketoncs. p. 348), which combine with water to form colourless crystalline 
hydrates: methyl ester, b.p.,, 65-68®, -pHjO, m.p. 80® ; ethyl ester, b.p.u 70®, 
m.p. 148®; tsobuiyl ester, b.p.ig 96-100®, m.p. 115-120®, 

Isonitroso^acetoacetic Ester, CH3COC{NOH)CO*R, is an intermediate product 
in the formation of the above esters. The ethyl ester, m.p. 56®, b.p.jg 155®. 
can be isolated by treating acetoacetic ester in acetic acid solution with ice-cold 
sodium nitrite solution; the action of NOs converts it into the diketobutyric 
ester (C. 1905, I. 1591 ; II. 34): 

CH,CO iiONO CH,CO CO, CH,CO 

I -I - 1 ^ 

ROCO.CH, ROCO.C«NOH RqCO.C-O 

c 
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Isonitroso-acetoacetic ester is also formed from acetyl molonxc ester (p. 564) 
and nitrous acid. One molecule of hydroxylaminc produces ap-Duisonitroso- 
butyric Ester. CII,C(NOH).C(Nt)H)CO,C,H„ m.p. i6i“, which is changed by 
hydrochloric acid into isonitroso-methyl-isoxazolon' (i)» m.p. 159®, one of the 
lactazones (see p. 416), whilst nitric acid causes the formation of a peroxide (2), 
m.p. 92® (B. 28 ,2683 ; 38 ,926); 


CHsC.C(NOII).CO 





N.OON 


P-Phenylhydrazone Acetyl Glyoxyl Ester, CIlaC{NNllC,H6).CO.CO,C,H,, m.p. 
103®, is formed from diketobutync ester and one molecule of phenylhydrazine 
in the cold. 

a-Phenylhydrazone Acetyl Glyoxyl Ester, CH3C0.C(NNHCflH5)C02C3H5, m.p, 
154®, is prepared from sodium acetoacctic ester and diazo-bcnztnc salts; with 
phenylhydrazine it loiras an Osazone, m.p. 209° (A. 247 , 205 , C. n»t>4, II. 588). 

py-Dtketovalertc Actd, py-Dtoxovalertc Acid, CHjCO.CO.Cll,CO,H, is 
unknown ; but its derivative, 

p-Isonitrosolfevuhmc Actd, CHjCO.C(NOH)CJI3CO2H, m.p. 119® with 
decomposition, is formed from acctosiiccimc estci (p. 5O8). When fused, it 
loses COj and changes iflto isonilroso-methyl-ethyl-kelono (p. ^5|). 

a Di.*etocarbo\yiic Acids include stearoxvUc actd, and behenoxylic acids, etc., 
which have already been reh'iied to (p. 304), 9, ii-Jhkeiosteanc Acid, m.p. 96®, 

is obtained from ncinosteaiolic acid (p. 302) C. 1907, 1 . 916). 

j 3 -DiKotocarboxylic Acids. 

Acetyl Pyroracemic hster, Acetone Oxalic Estn, ay-Uiketo- or ay-Dioxo-valeric 
Ester, CHjCO.CH^CO.t-OaCsllj, is formed from one molecule ot act tone, one 
molecule of oxalic ester, and sodium cthoxide solution (C. 190H, 1,1379). Ferric 
chloride protlticcs a dark red colour. The free atid liberate'd from the ester 
condenses to sym.-h5''droxytoluic acid, C02H[i]CaHa[3,5](0H)CH3 (B, 22 , 
3271). Acetone oxalic c.ster and phenylhydrazine foim Phenyl Vy} azole Car¬ 
boxylic Fs^rv,m.p. 133® (A.278,278). With chloral it behaves as ana-hydroxy acid 

and there re<!ults Acetyl Pyroracemic Chlorahde, CH,.CO.CH:C<C^q 5 ^CH.CC 1 j, 

m.p. 137® (H. 31 , 1305). 

! 3 t'sides act tone, other ketones, such as ethyl methyl ketone, i«!obulyryl, 
and butvrvl ktltnu', react with oxalic ester and sodium alcoholate to loim Pro- 
pionyl Pvroraccmic Ester, CHjC'HaCO.CHjCOC OjCjjIIj (.?), b p.^., 7^-78®; actd, 
m.p. 83 (B 39 ,1 n 3 ), Iwbuiyryl Pyroracemic Ester, (CH^),rilCO.CIl3C OCOjCjlf-, 
and Bittyryl l^yioracemic Ester, CHJ^CH|CH,C0CllaC0C02C3H,^ (C 1902, II. 
189; 1903, 1. 138) 1 espectively. 

Dtacyl Acetic Esters, 

The hydrogen in acetoacetic ester can not only be replaced by alkyls, as 
abund.mtly shown above, but also by acid radicles (comp. p. 419), by acting with 
acid chlorides on the sodium compound suspended in ether. 

a-Acetyl Acetoacetic Ester, Diacetyl Acetoacetic Ester, (CHaCOjaCHCOaCjHj, 
b.p.50 I2f°. IS prepared bv the action of acetyl chloride as indicated dbove; by the 
transforrtt.ition of the isomeric ^-acetoxycrotonic ester by means of KjCOa, 
or by heat (p. 418); by the action of alcohol on the reaction product ot AlCl, 
and acetyl chloride. (CHgCOlaCH-CCljOAlCl, (p. )5o) {Gustavson, B. 21 , K. 252). 
The anilide, (CHjCO)3CH.CONHCgH5, m.p. 119°, results from the union of 
diacetyl methane with phenyl isocyanate, and a trace of alkali (B. 37 , 4627 : 
38 , 22). The diacetoacctic ester, like acetoacetic ester itself, forms metallic 
salts. Water at ordinary temperatures slowly converts it into acetic acid and 
acetoacetic ester: sodium ethoxide causes the displacement of the acetyl 
group with the formation of acetic ester and sodium acetoacetic jester Pyridine 
and acetyl chloride form an 0 -acetaie, CHj|C(OCOCHj):C(('OCH3)COjC,H|, 
b.p.io 143® 83 , 1245). Cyanacityl Acetone, see Acetyl Acetone (p. 351), 

Methyl Diaceioacetic Ester and Ethyl Diacetoacetic Ester arc volatile only under 
reduced pressure. 

Diacyl acetoacetic ester containing two different acid radicles can be decom¬ 
posed in three ways (comp. pp. 217. 35 *» 1^5). When such an ester is treated 
with water at 148 - 150 ®, there arc formed diacyl methane, COi, and alcohol; 
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ammonia or fixed alkali in the cold produces mono-acyl acetic ester and acetic 
ackl; heated with hydrochloric at 130-140® it breaks down into alkyl methyl 
ketone. COg. acetic acid, and alcohol (C. X903, 1 . *225): 


RCOv 

>CHCOgC.H. 

CHaCCr 


> RCOCHjCOCHg+COaH-CjHaOH 

> RCOCilaCOgCjlIj+CHaCOOH 

> RCOCfla-fCOa+CjHsOH+CHjCOaH 


lodo-alkyls react with sodium diacyl acetic ester and form acyl alkyl acetic 
ester by replacement of thy acetyl gioup (C. 1904, H. 25). 

Pfopionyl Acetoacetic Ester, C2H5C0CH(C0CHa)C02C2HB, b.p.gQ in®; copper 
salt, m.p. 89®. n-Butyyyl Acetoacetic Methyl Ester, b.p.^ 105®. Isohutyryl 
Acetoacetic Ester, b.p.,5 114®. Caproyl Acetoacetic Ester, b.p.,o 136®. Butyryl 
Isohutyryl Acetic Esiiy, CI-IaCH2CH2C0CH[C0CH(CI£g)2JC02CjHB, 125®. 

Pfi-Diacetoproptoi u f'ster, (CHjCOlaCHCHgCOgCgHB, b.p.24 147®, pP-Viaceto~ 
isobuiyric Ester, (CJT3CO)2CHCH(CIl3)COjC2H8, b.p.ga 150®, 

Methyl Ester, (CH aCOl^CllCHjCHgCOgCHj, b.p.g^ lOi®, are formed from sodium 
acetyl acetone aiicl chloracctic ester, a-bromopiopionic ester, and / 3 -bromo- 
propionic ester, respectively. Sodium alcoholate decompo.ses diacctopropionic 
ester into acetic ester and Idevulinic ester; sodium alcoholate and iodomcthanc 
break it <’ov\n into acetic ester and j8-niethyl Isevulini^ ester. Oiacctobutyric 
ester unrh-igoes similar changes (C. 1902, 11 . 345). 

y-Acetvl Acetoacetic Ester, Triaceixe Acid is prepared in the form of its 
I i 

lactone, (‘llaCiCllCO.CHjCOO, by heating dchydracetic acid {q.v.) with sulphuric 
acid (B. 34 , R. 857). When heated with acetic anhydride and sodium acetate it 
is then reconverted into dchydracetic acid (B. 87 , 338 ; C. 1905, 1 . 348 ; 1906, 
II. 1044). 

y-A cetyl Dr.tiethyl Acetoacetic Methyl Ester, a-Di*nethyl Tridceiic Ester, CH,- 
CO.ClIj.COi llslgCOjCHg, is formed, together with isobutyric ester, from 
dimethyl aciao.icetic methyl ester and sodium at 115-125® (B. 31 , 1339). 

y~Acetyl a-Dimethyl Acetoacetic Ester is similarly formed from diethyl aceto¬ 
acetic ester and sodium ellioxide (B. 33 , 2683). 
y~Diketocarboxylic Acids. 

Acetortyt Acetoacetic Ester, ap-Diocetopropionic Ester, CH3COCHa.CH(COCHg)- 
('O2C2II5, is formed from chJoracetono and sodium acetoacetic ester. Fuming 
hydnichioric acid turns it into pyrotritaric ester (B. 17 , 2759). 

Wh( n heated with water to 160° the ester yields acetonyl acetone (p. 351). 
Aceionyl Ltcvulimc Acid, CHaCOCllfCHjCOCHg.CIlBCOjH, m.p. 75®, is 
formed from furfuracetone (Vol. II.) when heated with hydrochloric acid (B. 82 , 
1170). 

Unsaturated Diketocarboxylic Acids ,Oxide OxalicAcuU(ClA^)j^\C'iii.‘ 
CO.CH* CO.COjH. m.p. 156® with decomposition. Potassium hydroxide 
liberates it from cither its ethyl ether, m.p. 59®, b.p.,, 143®, or its methyl 
ether, m.p. 67®. On allowing sodium in ether to act on molecular quantities 
of mesityl oxide and oxalic ester, then acidifying with dilute sulphuric acid and 
distilling, h mixture of a- and j 3 -mesityl oxi&e oxalic esters results. ,tt can be 
separated by means of a sodium carbonate solution, in which the a-etlur alone 
is soluble. Ferric chloride turns this a blood red. 

a- or aci~Mesityl Oxide Oxalic Ethyl Ester, (CHg)aC:CHC(OH):CHCOtCgHB, 
m.p. 21®, gives a Idood-red coloration with ferric chloride. Potassium hydroxide* 
solution liberates the corresponding acxd, m.p. 92 (A. 291 , in, 137)* 


15. monohydroxy-dicarboxylic acids 

# 

A. MONOHYDKOXY-PARAFFIN DICARBOXYLIC ACIDS, C,H2„-i(0H)(C02H)2. 

Numerous saturated monocarboxylic acids are known : thus, 
the hydroxymalonic acid group corresponds with the malonic acid 
group, hydroxysuccinic acid group with the ethyl succinic acid group, 
hydroxyglutaric acid group with the glutaric acid group, etc. 
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It may be mentioned h^re that there are many representatives of 
these acids in which the hydroxyl group occupied the y-position with 
reference to the carboxyl group, and these acids, when separated from 
their salts, readily part with water and become lactones. In general, 
the alcoholic hydroxyl group is introduced into the dibasic acids, just 
as it is done in the case of the monobasic acids. The reaction leading 
to the alkyl paraconic acids (p. 557) is worthy of mention. It is a 
condensation reaction between aldehydes and succinic acid or mono- 
alkylic succinic acids (p. 493). 


HYDROXYMALONIC ACID GROUP 


Tartronic Acid, CH(OH) » Hydroxymalonic Acid [Pro¬ 

panol diacidj, in.p. i84°-i?(fith decomposition, is produced: (i) From 
glycerol by oxidation with potassium permanganate ; {2) from chloro- 
and bromo-inalonic acid by the action of silver oxide or by hydro¬ 
lysis of their esters with alkalis ; (3) from trichlorolactic acid when the 
latter is digested with alkalis (B. 18 , 754, 2852) ; (4) from dibromo- 
pyroracemic acid when digested with barium hydroxide solution; 

\(5) from mesoxalic acid (p. 563) by the action of sodium amalgam. 
(6) Nucleus synthesis: fiom glyoxylic acid (p. 400) by the action of 
HNC and hydrochloric acid, (7) by the spontaneous decomposition 
of nitroiartanc acid and of dihydroxytartaric acid. (8) It can be con¬ 
veniently prepared from tartaric acid by allowing it to remain in con¬ 
tact with nitric acid and P2O6 (A. 343 ,154). 

Its formation from nitrotartaric acid, described in 1854 by Des* 
saignes, has given it the name tartronic acid. 

Tartionic acid is easily soluble in water, alcohol, and ether, and 
crystallizes in large prisms. On melting it is decomposed into carbon 
dioxide and polyglycollide, (C2H202 )a; (p. 3G7) (B. 18 , 756). 

The calcium salt, CaH206Ca, and barium salt, C3H206Ba4“2H20, 
dissolve with diflftculty in water, and are obtained as crystalline pre¬ 
cipitates. 


Ethfl Ester, CH(OH)(CO,C,Hb) 8, b.p. 222-225* (B. 18 , 2853); Ethoxyl Malonic 
Actd, 08 H 80 .CH(C 08 H) 8 , m.p. 124*; ethyl ester is formed from ethoxyl acetic 
ester ; acetate, CH,CO.OCH(COtC|HB)a, b.p.*, 158-163* (B. 24 , 20Q7). 

Chloral- and bromal-cyanhydrins (p. 379) and trichlorolactic acid (p. 368) 
may be looked on as being derivatives of tartronic acid. See also Chloro- and 
Bromo-malonic ester (p. 489). 

Nitromalonic Ester, NOj.CH(COiC|Ha), b.p.,^ 127*, and nitromalonamide, 
NOjCHfCONHa),, are prepared from malonic acid and malonamide, respectively, 
by nitric acid (C. 1901, I. 1196; 1902, I. 1198; 1904, II. 1109). Nitromalonic 
Dimethylamide, N 08 .CH(C 0 NHCHj)*, m.p. 156* (B. 28 , R. 912). Fulminuric 
Acid IS a nitromalonic acid derivative (p. 250). • 

Methyl Ntiromalontc Ester, N 0 aC(CH 8 )(C 08 C 8 H,) 8 , is formed from the 
ammonium salt of nitromalonic ester and iodomethane. The higher alkyl/ 1 ^ 
nitromalonic esters are obtained by nitrating alkyl malonic esters. Sodium 
alcobolate converts them into nitro-fatty acid esters (C. 1904* 1600). 

Aminomalomc Acid, NHjCHICOjH)*, m.p. 109 with decomposition, is 
formed by the reduction of isonitiosomalonic acid (p. 563); from chloromalouic 
acid and ammqpia (B. 85 , 2550); by alkaline decompobition of uramil (p. 578} 
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(A.‘ 333 , 77). U forms brillijiit prisms. Wht^n wanned in aqueous solution 
it is decomposed into COg and glycine (p. ^^5). Methyl Ester Hydrochloride, 
m.p. 159® with decomposition, ami Lihyl Ester Hydrochloride, m.p. 162® with decom¬ 
position, arc obtained from tliiir acids, and from the isonitrosomalonic esters 
by reduction. Ammonia pioihK\s fiom them Aminomalonamide, m.p. 192® 
with decomposition ( 13 . 39 , 514). 'I'liis body is also prepared from chloromalonic 
ester and alcoholic ammom.i at 130®, together with some iminomalonamide, 
JVH[CH(CONHa)2]2 15 * on^). Amxnomalonomtnle, NH2.CH{CN)b, m.p. 184®, 
isaproductof polymcrizatHm of hydrocyanic acid (p. 241) ( 13 . 35 ,10S3). Anilino- 
malonic Acid, {^* 1897, II. 5O8; i8q8, I. 829). 

The esters of this acid .lu londensed to indoxylic e.ster (see Indigo, Vol. II.). 
Phthalimidomalouic 7 . >>/:'/, C2H4(CO)jN.CH(COgC2H5)2, m.p. 74°, is formed 
from bromomalonic ester and potassium phthalimide (C. 1903, II. 33). 

Alkyl Tartronic Acids. —Methyl Tartronic Acid, Isomalic Acid, a-Hydroxyiso^ 
succinic acid, CTl ^c'(nil)(C02H)a, is obtained (i) by the action of silver oxide 
on bromisosuennu .icid ; (2) when hydrocyanic acid acl.s on pyroraccmic 
acid; Pyroiacennc (ster and hydrocyanic acid produr*’ the nitrile ester, 
CHaC(OH)(('N)C DnCgHj. m.p.,g 105®, which is converted on hydrolysis to iso¬ 
malic acid (t 1^99, 1 . 1^00 : li. 39 , 1858); (3) Diacelyl cyanide (p. 400I, the 
acetate of Methyl Tartrodimlrile, CTl3C(OCOCll5)(CN)2, is hv<hoIyzcd by fuming 
hydrochloric ncid to methyl t.iitromc acid ( 13 . 26 , R. 7 ; 27 , li. 5T0). The acid 
brealcs down into COg and lactic acid when it is heated to i \o°. 

Ethyl Turtiouic Acid, C2lIiiC(OH)(C02ll)2, m.p. 98°, is ionned (i) on boiling 
ethyl (hlojomalonic ester with barium hydioxidc solution (]>. 491); (2) from 
dipiopioiiyl (>,uiide (p. 409); (3) by the action of <thyl iodide on sodium 
acetiirtioinc ester ( 13 . 24 , 2090). When heated above its melting point it breaks 
down into t'Og and r.-hydroxybutyric acid. J^rofiyl Tartronic Acid, CH gC'Tfgt'Hg.- 
C{0fl)(('02il)g f II2O. m.p. 52-50°. and Iso/jropyl Tartronic Acid, decomposes 
at 140 , arc lornied by the h^'drolysis of dibutyryl and diisolmtyryl dicyanidc 
(p. 400) (J 3 . 28 . H. 205). 

a-Aminaiso^iKcmtc Acid, CIl3.C(NH3)(COOH),, results when pyroraccmic acid 
is acted on with IINC and alcoholic ammonia (B. 20 , K. 507). 

p-II\\hovyfiosucctnic Acid, CH2011.ClI(C0aH)B. a syrup, is produced by 
hydrolv^is ot the reaction product of chloromethyl ethfT (p. 207) and sodium 
maloiiic (ster. 11 decomposes at 113° into llgO, COg, and aci3’lic acid (C. 1904, 
II. O41), ethyl ('2ll5()('H2.f'H(C()2H)2, has been obtained from nu'thyleiie 

malonic ester (p. so by the aclion of alcoholic potassium h^^di oxide ( 13 . 23 , R. 194). 

y-Hydroxyalkyl .'dalonic Acids. The following y-hydioxj malonic acids are 
only known in the lorm of alkali or alkali earth salts. 'Hie.se arc produced 
when tile corresponding y-lactone carboxylic acids are ticated with alkali 
hydioxides or the hydroxides of the alkali earths. The y-lartomc acids can 
easily be obt lined from these salts; the.se salts are produced liy treatment with 
carbonates 

CH2CH2CHCO2H . 

Butyrolactone a~Carhoxylic Acid, I | , is prejiart'd from brom- 

O-CO 

ethyl malonic acid, 13 rCH 2 rTl 2 .CH{C 02 H) 2 , m.p. 117°. Tins is the hydro- 
bromide addition piodnct of vinaconicacid, the lrtmethylei}(-i,\^dicarhoxylic acid^ 
when itisheaUd wdh water, also on digesting the latter woth dilute sulphuric 
acid (A. 227 , 31). Heated t(j 120®, butyrolactone carboxylic acid breaks down 
into CO2 and butyrolactone (p. ^73). The efhyl ester, 175®, is formed by 

the combination of ethvh ne oxide and sodium malonic ester, whereby hydroxy- 
ethyl malonic ester is produced, which immediately loses alcohol to form a lactone. 
Ammonia converts the lactone ester into B-HydroxyeiHyl Malonamide, HOCHgCH,- 
CH(CONH2 )j, m.p. 150° (I> 34 ,1976). xYio phenyl ether oiHydroxyethyl Tartronic 
Acid, CeH2O.CH*.CH2.CH(C0OH)„ m.p. 142® (B. 29 ,R. 286). 


orMethyl Butyrolactone 


.r . 7 CH,CH2C(CH,)C0,H 

a~Carboxyltc Acid, \ , m,p. 98 , 

o-CO 


results when bromethyl isosuccinic ester, the reaction product of ethylene bromide 
and sodium isosuccinic ester, is treated with liarium hydroxide solution and then 
acidified lA. 294 , 89). 
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A-Carbovalefolactonic Acidt y~Meihyl Buiyrolactone a-Carbostylic Acid^ 
CHjCHCH.CHCOaH 

{ I , results when allyl malonic acid is acted on with HBr. 

O- fO 

It breaks down at 200® into CO, and y-valerolactone (p. 374). 


HYDROXYSUCCINIC ACID GROUP 


Malic Acid, Hvdroxyethylene Succinic Acid (Acidum fnalicum), 

IJO *CHCu,H 

[Butanoldiacid], I , m.p. 100®. Since malic acid contains 

CHgCOaH 

an asymmetric carbon atom, it can occur in three modifications: 
(i) a dextro-rotatory form, (2) a laevo-rotatory form, and (3) an 
inactive [d+ 1 ] variety. This is a compound of equal molecules of 
the dextro- and laevo-rotatory modifications. 

Tlu' la3\'o-varicty,occurs free or in the form of salts in many plant 
juices, hence it is Irequimtly spoken of as ordinary malic acid. It is 
fouiid free in unripe apples, in grapes, and in gooseberries, also in 
mountain ash berries {Sorhus aucuparia), in Berberis vulgaris, and 
in the sea buckthorn (or sallow thorn), Hippophac rhamnoides 
(B. 32 , 3351). It's obtained from the last-named fruits by means of 
the calcium salts (A, 38 , 257 ; B. 3 , 966). Calcium hydrogen malate 
exists in tobacco loaves ; potassium hydrogen malate in the leaves 
and ‘talk^ fd rhubarb (C. igo2, I. 1399). On malic acid obtained 
from the Crasstdacece, see B. 31 , 1432. 


Historical. —Ordinary malic acid was discovered in 1785 by Scheele in unripe 
Roosrberries. Liebig ascertained its composition in 1832. Pasieur^ in 1852, 
obt lined ina< tivc malic acid from inactive aspartic acid, and KekuU (t86i) made 
It iioin bromosuccinic acid. 'I'he doxtro-acid was first obtained by Bfemet in 
the reduction oi dexlro-tartaric acid. 

Poymution of O/Hically Inactive or (d + l] Malic Acid, m.p. 130° (B. 20 , 1698): 

1. From the uuino-ammonium salt of lievo- and dextro-malic acid. 

2. By IumIiiu; tumaric acid to 150-200® with water. 

3. When fumaric or maleic acid is heated with sodium hydroxide to loo* 
(B. 18 , 271J). 

4. By treating monobroniosuccinic acid with silver oxide and water with 
water alone, wdth dilute hydrochloric acid, or with dilute sodium hydroxide at 
100® (B. 24 , R. 970). 

5. By the action of NjOj on inactive aspartic acid. 

6. By the reduction of racemic acid with hydriodic acid. 

7. When oxalacctic ester is reduced with sodium amalgam in acid solution 
(B. 24 , 3417: 25,2448). 

8. By the action of potassium hydroxide on the transposition-product of 
KN(' and ^-dichloropropionic ester. 

9. By saponifying the esters of chlorethane tricarboxylic acid. 

10. When potassium hydroxide acts on y-trichloro-^-hydroxybutyric acid, 
CCl3CH(OH)CHaCO,H, the reaction-product of glacial acetic acid 01 pvrulinc with 
chloral and malonic acid (B. 25 , 794 : 88, 2733). 

The identity of the acids from i to 6 has been proved by jneans of the weU- 
crystallized mono-ammonium salt, C4HJO5NH4-I-HJO, of the inactive acid 
(B. 18 , 1949. 2170). 

I 

Formation of the Icevo- and dextro- forms: Both acids can 
produced by resolution of the inactive malic acid by cinchon fte' 
(B. 18 , 351; 18 , R. 537). The dextro-acid has also been obtained 
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by,the reduction of ordinary or dextro-tartaric acid with hydriodic 
acid, and by the action of nitrous acid on dextro-aspartic acid, 
whereas 1-asparagine and 1-aspartic acid yield ordinary or 1-malic 
acid (B. 28, 2772), The two optically active malic acids can be 
converted into each other by treating chlorosuccinic acids, obtained 
from them by the action of PCls, with moist silver oxide (Walden, B. 
29, 133). 

Properties .—^Malic acid forms deliquescent crystals, which dissolve 
readily in alcohol, slightly in ether. 

Reactions. —(i) Wh(‘n heated to 100® anhydro-acids are formed 
(B. 32,2706); at 140-150° mainly ^umaric acid results ; when rapidly 
heated to 180° it decomposes into water, fumaric acid, and maleic 
anhydride (pp. 510, 511). Prolonged boiling with aqueous sodium 
hydroxide converts malic acid partially into fumaric acid (B. 33,1452), 
(2) Oxidation with permanganate or hydrogen peroxide in presence of 
ferrous salts produces oxaloacetic acid (p. 564). (3) Reduction gives 
rise to succinic acid. It results from the fermentation of the calcium 
salt by yeast, of the free acid by Bacillus airogenes (B. 32,1915), and 
when the acid is heated to 130° with hydriodic acid (p. 492). (4) Heating 
with hydrobromic acid produces bromosuccinic acid; 1-malic acid 
and pels at ordinary temperatures yield d-chlorosuccinic acid, which, 
with moist silver oxide changes into d-malic acid (pp. 499, 500). (5) 
When heated alone or with sulphuric acid or zinc ciilondc, it is con¬ 
verted into coumalic acid (p. 561). (6) On being heated with phenol 

and sulphuric acid, coumann results; it is possible that the halt alde¬ 
hyde of malonic acid CHO.CH2.CO2H is first formed, with which the 
phenol then condenses (B. 27, 1646). 

Salt and esters of i^malu acid: Mono^ammoniunt Malatc, C4H505NH4-|-H,0 
(B. 18 , 1949, 2170). Resolution into the optical comp.mcnts (B. 31 , 528). 
i-Mahc Diethyl Ester, CanjlOiDCCO^CaH,),, b.p. 255® (B. 25 , 2^48). 

Salts of the leavo-acid, malates: Mono-ammonium salt, C4H40j(Nn4), when 
exposed to a temperature of 160-200®, becomes converted into fumarimide 
(A. 289 , 159 note). 

Neutral Calcium Malate, C4H405Ca-fHt0, separates as a ciystalline powder 
on boiling. Acid salt, (0411505),Ca 4 - 6 H* 0 , forms large crystals which are not 
very soluble in cold water, but are more soluble in hot (B. 19 , K. 679). 

I’Malic Ethers and Esters : The dialkyl esters are prepaicd from malic acid, 
alcohols, and hydrochloric acid. They can be distilled unchanged (Z. phys. Ch. 16 , 
494), but when slowly heated pass into fumaric esters (B. 18 , 105 ^). Reaction 
with PCI5 and PBrj in chlorolorm changes them into d-diloio- and d. bromo- 
succjnic esters (p. 490). Attempts to prepare malic esters by means of the silver 
salt of the acid result in the partial substitution of the hydioxyl hydrogen by 
the alcoholic radical (C. 1899, I. 779). 

The optical rotatory power of many of these esters has been determined ; they 
are laevo-rotatory (B. 28 , R. 725 ; 29 , R. 164, C. 1897, 1 . 88): 

1 -Malic Methyl Ester b.p , 122® ; [oJd —— 6*88, [M]d =—Ii‘i5 

1 -MaIic Ethyl Ester „ 129® ; [ajo ——10.64. =—20 22 

1 -Malic n-Propyl Ester „ 150®; [ajo =—11.60, [M]*, =—25 29 

1 -Malic n-Butyl Ester „ 170®; [ajo =—10.72, [MJ^aa—26*38 

Tviethyl Ester, C,H50.C2ll3(C0,C,H5),. b.p., 5 (B. 18, 1394)- 

Acetyl Malic Add, CH3CO.OC,H,(CO,H)j, m.p. 132®, 

Acetyl Malic Dimethyl hster, CHjCO.OC|Hs(CO,CH3),, when carefully dis¬ 
tilled at the ordinary tcnijxj.iture, yields fumaric dimethyl ester. Acetyl 
Alaiic Anhydride, CH5C O.OC,H5(0,05), m.p. 54®, b-p.i, lOi®, decomposes when 
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distilled at the ordinary tempeiaturc into maleic anhydride and acetic acid 
(A. 254 » i66). » • 

Acetyl-l-malic Methyl Ester, b.p.j, 132®; [a]D=—22*86, [M]d=*—46'64. 

Acetyl-l-mahc Ethyl Ester, b.p.,i 141® ; [a]D=—22*60, [M]d«— 52 ‘ 43 * 

Propionyl-l-malic Methyl Ester, b.p.,, 142® ; [a]D=— iyoS, [M]i,s=—50*31. 

On the homologous senes of acyl l-mahc ethyl esters and their molecular rotations 
(Z. phys. Ch, 86,129). 

Ntiromalic Ester, NO,.OCH(CO,R)CH,CO,R; methyl ester, m.p. 25® {o]* 
—33*01®, and ethyl ester, b.p. 148-151® [aJi**—31*24®, are prepared from the 
1-malic esters and nitrosulphuric acid (B. 35 , 4363). 

Amides oj the malic actds. a- and fi~MaltcMono-amides, NH)CO.CH(OH)CH|> 
COOH and H 00 C.CH( 01 i)CH,.C 0 NH„ and their esters are formed from the 
malic esters and alcoholic ammonia; from malonamidc by partial hydrolysis; also, 
from bromosuccinic acid and ammonia, a reaction which may result in this amide, 
partially or wholly m place of the expected aspartic acid (B. 41 ,841). Malamxde, 
HO.CjH,(CONHj)|, IS prepared irom the monoamidomalic ester and from the 
malic ester by the action of ammonia (C. 1900, 11 . 1009). 

Thiomahe Acxd, HOOC.CH,CIl(SH)COOH. m.p. 150®, is formed by the 
action of ammonia on Xanihosueexme Acxd, HOOC.CH,CH(SCSOCaHB)COOH, 
m.p. 149®. winch in turn is prepared from bromosuccinic acid and potassium 
xanthoganate (A. 339 , 369 ; B. 38 , 2687). 

Snlphosuccxnxc Acxd, SOaIl.C2Hs(COOH)t, is prepared from succinic acid 
and SO, (A. 175 , 20). 


AMINOSUCCINIC ACIDS 


Aspaitic acid bears the same relation to malic and succinic acids as glycocoU 
bears to ^lycollic acid and acetic acid; hence, it may be called aminosuccinic 
acid: 


NH,.CH,CO,H 

Glycocoll. 

NH,.ClICO,H 

CHaCOjH 
Ammosucciojc Aud. 


HO ClIjCOjH 

Glycolhc AuJ, 
HO.CHCOaH 

I 

CHjCOaH 
Malic Acid. 


CH,.CO,H 

Acetic Acid. 

CH, CO,H 

I 

CH,.CO,H 

Succinic Acid. 


Aminosuccinic acid contains an asymmetric carbon atom, so that 
like malic acid, it appears m three modifications. The 1-aminosuccinic 
acid or Isevo-aspartic acid is the most important of these. See also 
d- and l-chlorosuccinic acid (p. 499) and d- and 1-malic acid (p. 551, 
etc.). 

Inactive [d+l] Aspartic Acid, Asparacemic Acid, C,H,(NH,)(CO,H],. is 
produced: 

(1) By the union of 1 - and d-aspartic acids. 

(2) On heating active aspartic acid (a) with water, (6) with alcoholic ammonia 
to 140-150®, or (c) with hydrochloric acid to 170-180® (B. 19 , 1694). 

(3) When fumarimide (p. 522) is boiled with hydrochloric acid. 

(4) On heating fumaric and maleic acids with ammonia (B. 20 , R. 557 • 21 , 
R. 644). 

(5) By evaporating a solution of hydroxylaxnine fumarate (B. 29 , 1472 )* 

(o) By reducing oximidosuccinic ester with sodium amalgam (B 21 , R. 351). 

Benzoyl Asparacemxc Acxd is resolved into its optical components by means 
of brucine (B. 82 , 2461). 

Like glycocoll, it combines with alkalis and acids yielding salts. 

Nitrous acid changes it into inactive malic acid. 

[d+ 1 ] Aspartic Diethyl Ester. NH,.C,H,(CO,C,H5)2, b.p.„ i 50 -i 54 *. is pro¬ 
duced on heating fumaric And maleic esteis with alcohohe ammonia (B. SI, R* 
86j. 
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^ NH,.CHCOaG,H, 

Aspartic Mono-ethyl Ester, \ • , m.p. 165^ with decomposition, 

CH,CO,H 

is formed by the reduction of a-oximidosuccinic monctliyl c htcr and the oxime o 2 
oxalacetic diethyl ester. Ammonia converts it into tuuilive a-asparagine (con¬ 
stitution, comp. p. 555). 

CHjCOCaH, 

fi-Aspartic Mono-Ethyl Ester, | , m.p. 200® with decomposition, 

NHa.CHCO,H 

is also obtained from the oxime of oxalacetic ester by reduction with sodium 
amalgam. A partial sci])onification occurs at the same time. Ammonia converts 
it into the two optically active asparagines, which are therefore ^-ammo&uccinamic 
acids. 

Phenyl Aspartu Acid, C<jH5NH.CH(COJl{CH,CO,H. m.p. 131®. is formed 
by the action of biomosuccinic acid on aniline. Phenyl Asparagttianil, 
CjHjNHCjHjCjOj.NCjHj, m.p. 210®, results on adding aniline to maleinanil 
(A. 239 , 137). 

1-Aspaxtic Acid, - nh!:chcooh- 

obtained from the beet root, and is procured from proteins in 
various reactions. It is obtained by the splitting of iispartic 

acid (see above'), and from 1-asparagine by filing it with alkalis and 
acids (B. 17 , 2929). 

It crystallizes in small rhombic leaflets or prisms, anti is not very soluble in 
water. Nitric acid convrrls it into ordinary I-msdic acid (H. 28 , 27O9). 1 -Aspartic 
acid IS Ijftvo-rotatory in alkaline solutions, and dcxtro-rotatoi y in acids ; dextro 
in aqueous solution at low temperatures, and lasvo at higlicr temperatures, 
L'Uis behaviour may be due to dissociation of cyclic ammonium salts (above) 
(U. 30 , 294). Diethyl Ester, b.p.,| 12G®, is formed from aspartic acid or asparagines 
by alcoliol and hydrochloric acid ( 3 . 34 , 432 ; 37 , 4599) ; dimethyl ester, b.p.j^ 
120® (B. 40 , 205S). 

d-Aspartic Acid results when d-asparagine is boiled with dilute hydrochloric 
acid (B. 19 ,1694) from 1 -chlorosuccinic acid (p. 499 )- 

CHjCONHj 

1 - and d-Asparag^e, | +HaO, are the monamides of 

NHj.CHCO.H 

the two optically active aspartic acids, and are isomeric with mala- 
mide (p. 553). Ciystallographically, they are identical as regards the 
hemihedidl surfaces (C. 1897, II. 1108). 

Historical ,—As early as 1805 Vauquelin and Rdbiquet discovered the lajvo- 
asparagine in asparagus. Liebig, in 1833, established its true coihposition. 
Kolbe (1862) wjs the first to regard it as the amide of amiuosuccinic acid. IHniti 
(1886) discovered dextro-asparagine in the sprouts of vetches, in which it occurs 
together with much l%vo-asparagine. 

Laevo-asparaginc is found in many plants, chiefly in their seeds; 
in asparagus {Asparaf^us officinalis), in beet-root, in peas, in beans, and 
in vetch sprouts, from which it is obtained on a large scale, and also in 
wheat. The Isevo- and dextro-asparagines not only occur together in 
the sprouts of vetches, but they are found together if asparaginimide, 
produced from bromosuccinic ester, is heated to 100° with ammonia; 
or by the action of alcoholic ammonia on j8-aspartic ester (B. 20 , 
R. 510 ; B. 22, R. 243). A mixture of the two naturally occurring 
asparagines has been produced by heating maleic anhydride to no® 
with alcoholic ammonia (B. 29 , 2070). 
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Both optically active asparagines crystallize in rhombic, right and 
left hemihedral crystals, which dissolve slowly in hot water, in alcohol 
and ether, but they are not easily soluble. It is not possible for them 
to combine in aqueous solution to an optically inactive asparagine. 
It is remarkable that the dextro-asparagine has a sweet taste, whilst 
the laevo-form possesses a disagreeable and cooling taste. Pasteur 
assumes that the nerve substance dealing with taste behaves towards 
the two asparagines like an optically active body, and hence reacts 
differently with each. 

Similar differences of taste are observed with d- and 1-valine (p. 389), 
d- and 1-leucine (p. 390), and d- and 1-serine (p. 540). 

Constitution of the Asparagines .—When the oxime of oxalacetic ester (1) (below) 
is reduced with sodium amalgam, cither a- or / 3 -cthyl aminosuccinic acid (2 and 3) 
'Is formed with a partial saponification, depending upon the conditions of the 
reaction. The constitution of the a-acid. m.p. 165“, follows from its formation 
by the reduction of the two probable spacial isomeric oximidosuccinic ethyl 
ester acids (4), which split off CO, and yield o-oximidopropionic acid (5) (p. 410). 
Hence, it may be inferred that the acid melting with decomposition at 200® 
contains the ammo group in the ;8-position with reference to the carboxethyl 
group (B. 22 , R. 241). Ammonia converts both acids into their corresponding 
amino-acids We obtain inactive a-asparagine (6) from the a-acid, and from the 
jB-acid a mixture of the two optically active ^-as])ai.ii»ines (7) results : 


(1) 


(2) 


ROCO.(';NOH 
ROCO.CIJ, I 

aococuNH, 
RJtO.CH, 


I 


> (4) 


(3) 


ROCO.C:ROH 

noco.cii, I 

KOCO CHNH, 

jfoco.cn 


> ( 5 ) 


ROCO.C:NOH 

CH, 


( 6 ) 


HOCO CHNH, d- and 1 - 

NllgCO ''Ho jB-Aspaia'pne 


( 7 ) 


NHaCO.CIINH, 

HOCO .CH , a-Asparagine 


[d 4 l]‘a-Asparagine, Isoospaiagine, HOaC.CH,CH(NH,)CONH2, decomposes 
at 214®, IS loiinvd liom aspaiai;int iiiudo, aspartic dimethyl ester, and a-aspartic 
mono-ethyl esler by the action of concentrated ammonia; also, from the potas¬ 
sium salt of aminofumaric nionoamide (p. 5(>0) and aluminium amalgam (C. 

I Jh4)- 

Asparagine Dtamide, NlT2CO.CH(Nng)CH,CONH„ m.p. 131®, is prepared 
from aspaitic cstci and fluid ammonia. It is very soluble in water, and is 
easily d( composeil. Asparagine Imide, Dt-aci-piperaztne Diacetamide, (C|H,ON,), 
(formula, see below), decomposes at 250®, is formed at the same time as asparagine 
diamide ^abo\'c). It forms needles, and is with difficulty soluble in water. * It 
is also prepared from bromosuccinic ester and ammonia; and from Dt-act^ 
piperazine Diacetic Ester (foimula. see below); methyl ester, m.p. 248®, ethyl ester, 
m.p. 180-185®, by the same leagent. The latter ester is also obtained when 
aspartic ester is heated (B. 87 ,4599 : 40 , 2059): 


2RO,c.chch.<nh^«^ 


> RO,C.CH,CH<^^^®>CHCH,.CO,R 


->> NH,COCH,CH<^^jJ^®>CHCH,CO,NH, 

Hydrolysis of the ester or amide results in the formation of di-aci-piperazine 
diacetic acid, and also the dipeptide. 

Aspartyt Aspartic Acid, HOOC.CH,CH(CO,H)NHCOCH(NH,)CH2CO,H. 
The di- and tri-peptides of the aspartic series are prepared in the same way as the 
peptides of the simple amino-acids (p. etc.), and se rine, cystine, etc. (pp. 540, 

541 ), e.g. Glycyl Aspartic Anhydride, NHCH,C 0 NHCH((*: 0 )CH, COOH, from chlor- 
acetyl aspartic e^er; Leucyl Asparagine, C4H|.CH{NHt)CORHCH(CO|H)CHg 
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CONH,, from bromisocaproyl asparagine ; Aspartyl Dialamne, HOjCCH(CHg)- 
NHCOCH,CH{NH,)CONHCH{CH,)CO,H. from iuniaryl dialanine and am- 

NHCHCO.NHCl 1 (C4H , )CO 

monidk’tClycylAspartylLeucine, I | fromcA^r** 

NHjCHaCO CHaCONHa 

aceiyl aspartyl chloride, ClCH,CO]SHCH(COCl)CH,CONH„ with leucine ester 
and ammonia (B. 37 , 4585 ; 40 , 204S). Hippuryl Aspartic Acid, C,HjCO.NHCHi- 
CONHCH(CO,H)CHaC02lJ. is prepared from hippurazidc (p. 388, Vol. II.)> and 
aspartic acid, and yields a diazidc, which, reacting with aspartic ester, gives rise 
to hippuryl aspartyl his-aspaftio ester, and still more complex chain compounds 
(J. pr, Ch, 70 ,158). 

Malle Aold Homologues arc formed: by the addition of hydrocyanic acid 
to B-ketonic esters; by the addition of HCIO to alkyl malic acids and subsequent 
reouction ; and by the reduction of alkyl oxalacetic esters. 

a-Hydroxypyrotartanc Acid, CitrameUie Acid, a'^letkyl Malic Actd, 
CH,C(OH)CO,H 

i . m.p. 119®, is produced (i) in the oxidation of isovaleric acid 

(p. 260) with nitric acid ; (2) from acetoacetic ester by means of IINC and HCl; 
(3) by the reduction of chlorocilrainalic acid, the a#ldition product resulting 
from the union of IICIO with citraconic acid; (4) from methyl asparagine and 
nitric acid. It breaks down at about 200® into water and citraconic anhydride 
(B. 25 , 196). 

Citramalic acid is resolved into its optical components by means of brucine 
(B. 32 , 712). a~Methyl Malic Nttnle Ester, Acetoacetic Ester Cyanhydrin, 
CH,C(0H)(CN)CH,C0,C,H4, m.p. 8-5®, b.p.i, 127® (B. 39 , 1.S38). 

a-Aminopyrotartaric Acid, [^-\-\\~Hofnoaspartic Acid, HOjC.CHjC(CH|)- 
(NHjlCOjH, m.p, 166®. Its diamide is formed from itaconie, citraconic, and 
mesaconic esters by the action of ammonia (B. 27 , R. 121). 'Ihe acid is resolved 
into its d- and 1 - forms by crystallization. Methyl Asparagine, lIO,C.Cll2C(CH3)- 
(NH,)CONHj (?), m.p. 255® with decomposition, is formed from • citraconic 
acid and ammonia (C. 1898, II. 762). a~Anilino^rotartaric Acid, HO^C.CHjC- 
(CHj)(NHC(H 5)CO*H, m.p. 135®, results from the hydiolysis of a-anilino~ 
pyroiartaric monoester nitrile, an oil, which is formed from acetoacetic ester 
cyanhydrin and aniline; also, from acetoacetic ester anil and hydrocyanic 
acid. Ester Amide, m.p. 119®, is formed from the nitrile and sulphuric acid in 
the cold ; it is easily converted into the imide, m.p. 168® (B. 35 , 2078). 

The anilinopyrotartaric acid when heated yields a-arulmripyrotartaric anil 
and citraconic anil (A. 261 , 138). 


Cllj.CIICOall 

^-Methyl Malic Acid, | , is a colourless syrup, readily soluble 

CH(OII)COaH 

in water, in alcohol, and in ether. It is formed when melliyj oxalacetic ester is 


reduced with sodium amalgam, and in an active 1- form from a citraconic acid 
solution by llie action of a mould ( 13 . 27 , R. 470). Mesaconic acid and ritraconic 
anhydride ( 13 . 25 ,196, 1484) are produced when it is heated. , 


pp-Dimeihyl Malic Actd [2,2-Dimethyl-3-butanol diacid], C03H.CH(0H).- 
C{CHa)3.COjH, m.p. 129®, is obtained by the actio n of alkalis or hydr ochloric 

acid on the lactone. pp~Dimethyl Malic Lactone, OCH(COjH)C(CH,)jCO, m.p. 
46°, wi.p. 54®. IS formed from monobromo-as.-dimcthyl-succinic acid and 

silver oxide. It was the first pAactone of the fatty acid series known (v. Baeyer 
and Villiger, B. 30 ,1954). When distilled under reduced pressure it is transformed 
into the anhydride, b.p.ta 145-150® (B. 33 , 3270): 


(CH.),C-CO 

cOiH.in.i) 


(CH,),C-CO. 

HO.iH—CCK 


aP-Dimetkyl Malic Acid. CH,C(OH)(CO,H)CH(CU,)CO,H, m.p. 143 *. W 
prepared from a-methyl acetoacetic ester cyanhydrin. During distillation it 
IS converted into pyrocinchonic anhydride 518). This, when heated with 
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alcoholi aminoma, u converted into Atn%no-d\methyl-s%$ccin%c Imids, 
NH.CCCHa) CO. 

I >NH, m p i68* (B 88,14x0) 

HCKH,)ax 

jS Lthyl Malic Actd, C,Hg CH(COjH)CH(OH)CO,H mp 87* with decom¬ 
position Its orthofnchlortde a T thyl p Hydroxy y trichlorobiUyrtc Actd CgH5CH 
(CO,H)CH(OH)CClj mp 137° is formt-d from chloral ethyl malonic acid and 
pyridine When heated with potassium hydroxide it is changed into malic acid, 
which on heating decomposes into water and ethyl msleic acid (p 518) (B 88,2733) 
op Methyl Ethyl iMahc Acid mp 130** (B 28 , R 190) 

Tnimihyl Malic Acid Hydroxy Inmethyl Succinic Acid mp 155*, is ob¬ 
tained fiom dimethyl acetoicctic ester with hydrocyanic acid, with subsequent 
hydro lysis by hydrochloric ^cid ( B 29 ,1543 1619) The corresponding p lactone 

acid OC(CHa)(COaH) C(CH*)aCO mp iig“ is obtained from bromo tnmethyl- 
buceinic acid and silver oxide similarly to the production of pp dimethyl malic 
acid lactone ^ 

Isopropyl Malic Acid mp 154® fiom bromopimelic ester (A 267 , 132) 
Paraconio Acids are y lactome irids Like they h^ droxyalkyl hydroxymalomc 
acids they art convtrl d by 'ilk'ilis and alkili caiths into salts of the corre¬ 
sponding hydroxysucc infc leids When the 1 vttei are set free from their salts 
tliey immcdi itcly break down into water and lactonic acids The alkyl paroconic 
acids 'irt ioinifd when sodium succinate or pyrotirtrate and aldehydes (acetil- 
dehyde chloral piopionic aldehyde) are condensed by means of acetic anhydride 
at 100-120° {hittig A 255 , i) 

CH, C 0,11 CHj ( H Cn CO,H 
CH.CHOH- = I I +HjO 

CH,CO,H OCOtH, 

Sue HI Vrid MethyJ I in otic \cid 

CHj—CHCO,H 

Paracenic Acid, I 1 , m p 57® is best prepared by boilmg 

OCOCU, 

itabromopyrolartanc acid with water and acidifying the calcium salt of the 
corresponding hydroxysuccinie aeid '^itamahc acid formed on boiling itachloro- 
pyiotaitaiic aeid with a i>oda solution When boiled with bases it foinis salts 
of itamahe icid it yields citi leonic anhydride when it is distilled (A 216 , 77 , 
255 , 10) 

CH,—CHCO,H 

PseudoitannnnilicAcid y AnxlidipyroiartrolactamicAcid, | I 

C,H, N CO CH, 

m p 100° is formed from iticonic acid (A 254 , 129) by the addition of aniline, 
and subscqui nt 1 irtam formation 

( H.CII—CHCO,H 

y Methyl Paraconie Aeid, I | mp 845® Ethyl ester, h 

O CO CH, 

56®, IS Slso prepated from acetosuccmic ester by reduction with amalgamated 
aluminiflm Sodium cthoxide solution transforms and hydrolyses it into 
methyl itaconic acid Whin distilled methyl paracomc acid yields v lerol ctonc 
cthylidcnc piopionic acid (p 29S) methyl itaconic acid and methyl citraconie 
acid (B 28 , R 91) 

CCl, CH -CHCO,H 

Tnchloromethyl Paracomc Acid, | | m p 97® is changed by 

O CO CH, 

cold banum hydroxide solution into isocitric acid {q v ) Reduction (C 1897, 
II 184 1902 II 343) 

CH,CH,CH—CH CO,H 

Ethyl Paraeonlo Acid, 1 mp 85® C, when dis- 

O CO CH, 

tilled breaks up chiefly into carbon dioxide and caprolactonc (p 374) Hydro* * 
sorbic Acid is formed at the same time (B 28 , R 95) 


a-Methyl I macontc Acid, CH,CH(C 0 )CH(C 0 ,H)CH ,0 m p 104®, is obtained 
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by the action of sodium amalgam on ) 9 ’formyl pyrotartaric ester, the reaction 
product of formic ester, pyrotartaric acid and sodium ethoxide. When heated 
it decomposes partly into water and pyrocinchonic anhydride (p. 518) (B. 87 f 
1610). _ 

ay-Dimeikyl Paraconic Acid, CH 8 CH{io)CH(COOH),CH(CHg) 0 , m.p. 131®, 
b.p.i 4 195®, is formed by reducing )S-acetopyrotartaric ester with sodium amalgam. 
When heated it partially breaks down into water and methyl ethyi maleSc 
anhydride (p. 319). and into COg and a-mcthyl )8-peutcnoic acid (CH8CH(C08H)- 
CHiCHCHs (B. 37 , 1O15). 

-CHCOgH 

I • 

O.CO.CH* 

(Cll3)5C-CHCHgCOjH 

I 1 

O—CO-CHj 


Terebio Aeld, 
Terpenyllc Acid, 


(CH8)aC-CHCHjCUgCOaH 

and Homoterpenylic Acid, | | are three oxidation 

O . CO . CH. 

p.o.Uicts of turpentine oil. They will be discussed id* connection with pinene 
(Vol. II.), the principal ingredient of the oil. 

I I 

Ptopyl Paraconic Acid, CHsCH2CHj.CIl(0)Cll(C0aIl)CHaC0, m.p. 73'5®, 
yields, on distillation, y-hcptolactone {p. 375). heptykiuc acid, and 

propylitacomc acid, CjHigO* (p. 51b) (B. 20 , 3180). 

llopropyl Paraconic AluI, m.p. 69“, when distilled, decomposes into 
V-isolicptolactonc and isohcptylenic acid. 

I I 

Isopropyl Isoparacontc Acid, (Cll3)jC{0)CHjCH(C0).CH2COgH, m.p. 143®, is 
formed from isopropyl itaconic acid (p. 5^7) and hydroi Jiloric aci<^ at 130®, 
and by oxidation of isobutyl succinic acid by means of KMn04. 


aap‘Trimethyl Paraconic Acid, 0Cn2.C(CH8/(C02H).C(C}l3)2C0, m.p. 270®, 
is formed from sodium trimctliyl succinate and thiox3^mctU>luie, by the action 
of acetic anhydride. Ethyl ester, m.p. 34® ; chloride, m.p. i^o'’; amide, m.p. 242**. 
The anhydride, m.p. 155®, is obtained, together with Trimethyl Acetyl Itaniahc 


Anhydride, 60 C.C(CH 3)3.r(CH3)(OCOCH8)CO, b.p.gg 1^5-105®, from tri- 
mf'thyl itamahe acid salts by boiling them with acetic anliydxide (C. 1905, I. 

»i 74 )- 


HYDROXYGLUTARIC ACID GROUP 

a-Hydroxyglutaric Acid, > *"*P* 7 ^°* occurs in molasses. It 

is formed from a-broinoglutaric acid (C. 1902, II. 1S7); and by the action of 
nitrous acid on a-aminoglutaric acid. It also occurs in the u action products of 
nitric acid on casein {C\ 1902, 11 . 285). It cry.stallizcs with difficulty (A. 208 , 
66 ; B. 15 , 1157)- lactone, m.p. 50®, into which i*- readily passes when 
heated (A. 260 , 1129). i‘' reduced to glutaric acid (p. 501) by hydriodic acid. 

Glutamlnie Acid, a.-Am%noglutaric Acid, m.p. 202* 

with decomposition, contains an asymmetric carbon atom (p. 29), and therefore 
can, like malic acid (p. 551), appear in three modifications. Dextro- or ordinary 
glulaminic acid occurs in the seeds of pumpkins and of vetches, as well aa 
with aspartic acid in the molasses from beet-root, and is formed along with 
other compounds (p. 381) when proteins are boiled with dilute sulphuric acid. 
It consists of brilliant rhomboliedra, soluble in hot water but insoluble in alcohol 
and ether. Diethyl {.'•ter, bp.jg 140®, is prepared from the acid, alcohol, and 
hydrochloric acid (B. 34 , 453). 
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\*Giuiaminic A cid is obtained from the inactive variety by means of PsniciUium 
glaueum (p. 57). 

Inactive ld+l]’-Gli 4 tafninic Acid, m.p. 198^, results from ordinary glutaminic 
acid on heating it to 150-160® with barium hydroxide solution, and from a-iso- 
nitrosoglutaric acid (A. 260 , 119). By repeated crystallization it breaks down 
into d- and 1 -glutaminic acid (B. 27 , R. 269, 402; 29 , 1700). Resolution 
is also eftected by means of the strychnine salts of r-bcnzoyl glutaminic acid 
(B. 82 , 2466). [d+l]-Pyroglutamlnlc Acid, m.p. 182-183®, is the y-Iactam of 
the glutaminic acid, which results on heating ordinary glutaminic acid to 190®, 
and on continued heating breaks down into COg and pyrrole (B. 15 ,1342); 

COCH,CH,CH(CO,H)NH - ^ CH:CH.CH:CH.NH+CO,+H ,0 

Pyroglutaoune Acid. Pyrrole. 


Glutamine a^Afninoglutaramic Acid, C,Ha(NH,)<^QQ^*, occurs together 

with asparagine in beet-root, in the seeds of pumpkins and other plants (B. 29 , 
1882, C. 1897, I. 105), Its optical rotation is not constant (B 39 , 2932). 

y-Carbovalerolactonl c Acid, a~Methyl G ltdolactonic A ctd, Valerolactone 

y-Carboxylic Acid, O.C(CHj)(CO,II)CHjCH,CO, m.p. 68-70®, is deliquescent, 
and is produced (i) by oxidizing y-isocaprolactone (p. 371) or isocaproic acid 
with nitric acid (A. 208 , 62 ; B. 32 , 3661); and {2) by the action of potassium 
cyanide and hydrochloric acid on hevulinic acid. 

y-Carbovalerolactamtc Acid Nitrile \ a-Methyl Pyrrohdone a-Carboxylic Acid 
i I 

Nitrile, HNC(CH,)(CN).CH, CH,.CO, m.p. 141®, is formed from laevulinic 
ester, hydrocyanic acid, and alcoholic ammonia (comp. B. 38 , 1215). 

I 1 

Isopropyl Glutoloctonic Actd, C02H.C{CsIl7)CHj.CHjC00, m.p. 67®, is pre¬ 
pared from a-dimtthyl l.xvulinic acid and hydiocyanic by means of 
hydrochloric and (A. 288 , 185). a-Hydroxy~yy~dtmethyl-glutolactomc Acid, 

I j 

O.CH{CO,H) CH2C(CH8)jCO, m.p. 85® (indefinite), results, together with 
dimethyl glutaconic acid, when alcoholic potassium hydroxide acts on a-bromo- 
dimethyl glutaiioacid (C. 1902, I. 8to; comp also cyano-dimethyl-acetoacctic 
ester, p. 570). a-Hydroxy-Py-diweikyl-glutolactomc Actd, transform, m.p. 142®, 
cis-form, liquid, b-p.^ 194®, is formed from ;8-methyl UevuUnic acid, hydro¬ 
cyanic and hydrocliloric acids (^ 1900, 11 . 242). a-Hydroxy-ayytrimethyl^ 

glutolactonic Acid, O.C(CHs)(COaH)CHiC(CH3)jCO, m.p. 103®, is prepared from 
bromo-tnmethyl-glutaric acid and aqueous potassium hydroxide, and from 
mesitonic, hydrocyanic and hydrochloric acids (A. 293 , 220). _ 


Mesityllc Acid, arAmino-ayy-trimethyl-glutaric Acid Lactam, HNC(CH,)(CO,H)- 

CntC(CH,)|CO, m.p. 174®, is prepared by boiling the addition product of mesityl 
oxide and hydrochloric acid with potassium cyanide and alcohol (see Mesitonic 
Acid, p. 423). If mesityl oxide alone be heated with two molecules of potassium 
cyanide in alcohol, there is formed on acidification TrimethyLa-hydroxy-glutaric 
Acid Dinitrile, NC.C{CIl3)*CH3C(CHt){OH)CN, m.p. 166®, which on being 
warmed with hydrochloric acid yields mesitylic acid (C. 1904, II. 1108). Oxida¬ 
tion with permanganate in acid solution yields unsym.-dimethyl succinimide 
( 15 . 14 , T074). 

p-HydroxysltUaric Acid, m.p. 95®, is obtained by the 

reduction of an aqueous solution of acetone dicarboxylic acid (B. 24 , 3250). It is 
decomposed on distillation into COj, H ,0 and vinyl acetic add (p. 297); Sul¬ 
phuric acid and also boiling w'lth aqueous alkali hydroxides (B 33 ,1452) produce 
glutaconic acid (p. 520). Acetyl chloride gives rise to AcetoxyglxUaric Anhydride, 
CH,C 0 OCn(CH,CO),O, m.p. 88®. Hydroxyglutaric Dimethyl Ester, b.p.n 150®, 
yields acetoxygluiaric ester, which on distillation under ordinary pressures breaks 
down into glutaconic ester (B. 25 ,1076; C. 1903, II. 1315). p-Hydroxyglutaric Di^ 
amide is converted by sulphuric acid into glutaconimide. fi-Chloroglutaric Acid is 
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obtained from glu+aconic acid and hydrochloric acid. From it and from glutacomc 
acid afhmonia produces p-Aminoglutaric Acid, CO|H.CHflCH(NHfl)CHsCOsH, 
m.p. 2^8^ with decomposition. p-Bromoglutaric Acid, m.p. 139" (C. 1899, II. aS). 

sym.-Alhyl p^HydroxyglutaHc Acids are also formed by condensation of 
formic ester with a-bromo-fatty esters by means of zinc (see formation of 
secondary alcohols, p, 106); a-bromopropionic ester yields ay^Dimethyl p- 
Hydroxyghiiaric Acid; a-bromobutyric acid gives ay-Dimcthyl p~Hydroxy~ 
glutaric Acid; a-bromoisobutyric ester produces ajdyy-Tctramethyl p~Hydroxy- 
glutaric Acid (C. 1898, II. 415, 885 ; 1900, II. 529; 1902, II. 107). 

aoi-Dimethyl p’Hydroxygli4tatic Acid, m.p. 169°, andoLay-Trinteikyl p-Hydroxy~ 
glutaric Acid, cts-form, m.p. 115® ; trans-form, m.p. 155“, arc obtained from the 
corresponding di- and tiiiucthyl acetone dicarboxylic esters (p. 51 >9) (C. 1903, 1 . 
70; 1904, I, 720). aap-rrttnfthyl p-Hydroxyglutaric lister is prepared from 
a-dimethyl acetoacetic ester, bromacetic ester, and zinc 1903, II. 1315). 
The acetylated esters of these acids yield alkyl glutaconic acids when distilled. 

CH(COjH)CHaCH ^CO 

h-Caprolactone y-Carhoxylic Acid, \ j , m.p. 197*, is formed 

CHsCH-O 

when a-acetoglutaric acid (p. 570) is reduced (B, 29 , 2368). On dry distillation 
it yields yS-liexenic acid (p. 299) and a-clhylidenc glutaric acid (p. 522). 

y-Valerolactone p-Acetic Acid, m.p. 84®; ay-Hepto- 

lactone p-Adfio Acid, m.p. 88”, are obtained by reduction of the jS-acyl glutaric 
acids (p. 570), or their dilactones (A. 13). 

HIGHER HYDROXV-DICARBOXYLIC ACIDS 

aa-Hydroxyadipic Acid (B. 28 , R. 466). a-Hydroxysibacic Acid (B. 27 , 
1217). 

a-Hydroxy-a-methyl-adtpic Acid, COaH.C{CIIa).(OH)[CHJjCOjH, m.p. 92”, 
is prepared fiom y-acetobutyric acid, potassium cyanide, and hydrochloric acid. 
On drv distillation it gives a mixture of yS- and Sc-hcxenic acids, which are 
characterized by their ability to be converted into a- and 8-caprolacton<s (A. 818 , 

371)- 

P-Methyl P-Hydroxyadipic Acid, COOH.CHaC(CHs)(OIl)CIl*CHaCOOH. and 
tuiy-Trimethyip-Ilydroxyadipic Acid, CO,H.C(CH,)aC(CHa)(OH)CHaCH,COOH; 
their lactone esters are formed b)' condensation of bromacetic ester and a^brom- 
isobutyric ester with laeviilinic acid by means of zinc. The latter lactone ester is 
easily decomposed by alkalis into isobutyric acid and lacvulinic acid (C. 1900, I. 
1014 ; B. 86, 953 )* 

a-Amino-adipic Acid, COOH.CH(NHj)CH,CHjCH8CO,H, m.p. 206” with 
decomposition, is formed from a>oximl<lo-adipic acid (p. 570) by reduction 
with tin and hydrochloric acid; also, by hydrolysis and decomposition of 
cyanopropyl phthalimidomalonic ester, C,H4(CO)^C(COaR)jCH8CH,CH8CN, 
the product of reaction of sodium phthalimidomalonic ester and chlorobutyro- 
nitrile. It is sparingly soluble in water. When heated, it yields water and 

a lactam,a-Piperidone ay-CarhoxylicAcid, l!lHCH(COtH)CH|CH8CH,CO, m.p. 178®. 
a-Amiiio-p-methyl-adipic Acid is prepared from a-oxiraido-j6-mcthyl-adi{>ic acid. 
In the free state it immediately changes into its lactam, m.p. 144° (B. 88, 1654 • 
C. 1903, II. 33). yfeirf, NH8CH(C00H)[CH2]4C00H, m.p. 225® 

with decomposif ion, is obtained from a-oximidopimelic acid. 

4 

B. AND C.'* HYDROXY-OLEFINE CARBOXYLIC ACIDS AND HYDROXY- 

OLEFINE DICARBOXYLIC AQDS 

The following is derived from the true olefine-hydroxy-dicarboxylic acids: 

Monolactonic Acid, OCOCHiCH.CHCHaCOOH (?), m.p. 122-125®, is obtained 
from hydromuconic dibromide and silver oxide. 

The act- or cnol-iotms of the p-aldo- a.nd p-keio-dicarboxylic acids can also be in¬ 
cluded; see formyl andaceiyl malonic acids (pp. 561, 564), formyl and acetyl succtnic 
acids (pp. 56T, 568), a-acetyl glutaric acid (p. 570), oxalacetic acid (p. 564), acetona- 
dicarboxylic acid (p. 568), a-formyl and a-acetyl glutaconic acid (pp. 361, 57X), etc. 
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16 . ALDODICARBOXYLIC ACIDS 

A> fl-AModlearboxylle Acids. The simplest member, (i) Formyl Malonie 
Acid, OCH.CH(COtH)|, is unknown in the free state. From its corresponding 
act- or enol-form (see p. 560) are derived the following:— 

Hydroxymeihylene Malonic Ester, HOCH:C(CO,C|H,),, b.p. 218®, exists i& 
the form of its ethyl ether, Ethoxymethylene McUontc Ester, C,H(iO.CH:C(CO*CjH«)j, 
b.p. 280®, which is prepared from malonic ester and orthoformlc ester by boilug 
with acetic anhydride and zinc chloride. The ethyl ether is hydrolysed^' 
by alcoholic potassium hydroxide into the potassium salt of hydroxymethylene 
malonic ester. It can also easily unite with more malonic ester to form a 
dicarboxyglutaconic ester (ROaC),CH—CH=C(COtR),. This substance is 
decomposed by many reactions into derivatives of hydroxymethylene malonic 
ester; ammonia produces Aminomethylene Malonic Ester, H,N.CH:C(CO,C»H,),, 
m.p. 67®, which can be formed directly from ammonia and ethoxymethylene 
malonic ester; hydiazine, hydroxylamine, and amidines give rise to cyclic deriva~ 
t*‘ves of hydroxymethylene malonic or formyl malonic acids (B. 26 . 2731; 27 , 
1658 ; 80 , 821,1083 ; J. Ch. S. 60 ,746). Copper salt, m.p. 138®. 

(2) Formyl Sncoinic^Acid, OCH.CH(CO|H)CHjCOaH is unknown in the free 
state. Derivatives are: Hydroxymethylene Succinic Ester, zjci-Formyl Succinic 
Ester, HOCH:C(COjCj|H|)CIl2COjCjH5, b.p.jg 125®, is obtained from succinic 
ester, formic ester, and sodium ethoxide. With ferric chloride it produces a 
violet coloration. Reduction produces itamalic ester (p. 557), alka lis decompose 
it into succinic and formic acids (B. 20 , R. 91; 27 , 3186. Action of Hydrazine, 
sec B. 26 ,2061). 

Aconic Acid: ax:i~Formyt Succinic Acid Lactone, OCH:C{CO*H)CH,io, 
m.p. 164®, is formed when itadibromopyrotartaric acid is boiled with water; 
methyl ester, m.p. 85®, The acid yields formic and succinic acids when boiled 
with barium hydroxide; reduction produces paraconic acid (p, 537); phenyl- 
hydiazine g’ves the phenylhydrazone of j8-formyl propionic hydrazide (p. 406) 
as well as CO, ; whilst witl\ acomc methyl ester it forms the phenylhydrasone, 
of formyl succinic monoester phenyJhydraxide, m.p. 167® (A. Spl. I. 347; 829 . 
373: B. 81 , 2722). 

Formyl Pyrotartanc Ester (B. 37 , i6io). 

(3) a-Formyl Glutaconic Acid, OCII.CH(CO,H)CH:CHCO,H, is also a hypo¬ 
thetical acid, of which the lollowing are derivatives:— 

Coumalic Acid, a-Py rone~ycarboxylic Acid, a-aci-Formy/ Glutaconic Add 

Lactone, OCU;C(COjH)CH:Cn.CO, m.p. 206® with decomposition, is formed from 
malic acid by heating it with concentrated sulphuric acid or with zinc chloride, 
with probably an iniermediate formation of hydroxymethylene acetic 
acid, HOCH:CHCO,H (p. 401), which, with the concentrated sulphuric acid, 
gives coumalic acid. This substance yields yellow salts with excess of alkali, 
like ch^idonic and mcconic acids (q.v.). Boiling with barium hydroxide solution 
decomposes it into formic and glutaconic acids; boiling with dilute sulphuric 
acid gives two molecules of CO, and crotonaldehydc. Ammonia products the 

a£ \formy i glutaconic acid lactam, fi-hydroxynicoUnic add, Hllr.CH:C(CO,H):- 

CH:CHCO. Hydrazine causes decomposition of the production of the lactazam 
of hydroxymethylene acetic acid, pyrazolone (p. 406) (A. 264 , 269; B. 27 , 791). 
Methyl alcohol and hydrochloiic acid cause fracture of the lactone ring and forma- ^ 
tion of 1 

^MethoxymethyleneGlutaconic Ester, CH,COCH:C(CO,CHa)CH:CHCO,CH„ m.p. 

62® (A. 278 , 164). 

B, y-AModioarboxylio Adds. 

Acetal Malonic Ester, (C,H, 0 ),CHCH,(CO,C,H,),. b.p.,, 152®, and acd<S 
methyl^ malonic e^er are prepared from sodium malonic ester and sodium methyl’* 
malonic ester with bromacetal. The free acids lose water and form 8-fomiyl 
fatty acids (p. 402). 
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17. KETONE DICARBOXYLIC ACIDS 

Dibasic carboxylic acids, containing a ketone group in addition to 
the carboxyl groups, are mostly synthesized as follows :— 

1. By the introduction of acid radicals into malonic esters. 

2. By introducing the residues of acid esters into acetoacetic ester. 

3. By the condensation of oxalic esters with fatty acid esters. 

4. By condensation of carboxylic anhydrides with tricarballylic 
acids. 

5. From sec.-hydroxydicarboxylic acids or tert.-hydroxytricar- 
boxylic acids by oxidation or decomposition. 

These methods of formation will be more fully considered under the 
individual groups of the monoketone carboxyhc acids. The position 
o! the two carboxyl groups is again the basis for their classification, 
whereby the ketomalonic acid group, the ketosuccinic acid group, the 
ketoglutaric acid group, etc., are differentiated. 


KETOMALONIC ACID GROUP 


(i) Mesoxalic Acid, Dihydroxymalonic Acid, [Propanediol diacid]. 


HO. 


m.p. 115®, like ordinary oxalic acid, glyoxylic acid, and other sub¬ 
stances possessing adjacent CO groups, firmly holds a molecule of 
water, which is assumed to be present, not as water of ciystallization, but 
to be combined with the CO-groups: 


(H0)8C>-C(0H), (H0),CH—C0,H (110),C = (C0,H), 

OrlKo-oxalic Acid. Orthoglyoxylic Acid. Oitbuuicsoxalic Acid. 

Furthermore, esters of mesoxalic acid exist, deiived from both 
forms, and are known as 0x0- and dihydroxymalonic acid esters. 
Mesoxalic acid is prepared (i) from alloxan (p. 578) or mesoxalyl 
urea, an oxidation product of urea when boiled with barium hydroxide 
solution ; (2) from dibromomalonic acid, by boiling barium hydroxide 
solution, silver oxide, or aqueous sodium hydroxide (method of for¬ 
mation : B, 35, 1819) : (3) from aminomalonic acid by oxidation 
with iodine in KI solution ; (4) from glycerol, by oxidation with 
nitric acid, sodium nitrate, and bismuth subnitrate (li. 27, R. 666). 

Mesoxalic acid crystallizes in deliquescent piisins. At higher 
temperatures it decomposes into CO2 and glyox3'lic acid, CHO.CO2H 
(p. 400). It breaks up into CO and oxalic acid on the evaporation 
of its aqueous solution. 

Mesoxalic acid behaves like a ketonic acid, inasmuch as it unites 
with primary alkali sulphites; and when acted on by sodium 
amalgam in aqueous solution, it is changed to tartronic acid 
(p. 549). It combines with hydroxylamine and phenylhydrazine. 


Salts.—Calcium mesoxalate, C(OH),(CO|)sCa, and barium mesoxalaU, are 
crystalline powders, not very soluble in water; ammonium sait, C(OH)f(COj.- 
NH*),. crystallises in needles; silver salt, C(OH),.(CO,Ag),. w^eii boiled with 
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water yields mesoxalic acid, silver oxalate, silver, and COg; bismuth saU, B. 27 , 
R. 667. • 

Esters. —Two series of esters may be derived from mesoxalic acid 
—^the anhydrous or ketomalonic esters, C0(C02R')2. 3-nd the di- 
hydroxymalonic esters, C(0H)2(C02R')2- The keto- or oxo-malonic esters 
absorb water with avidity, and thereby change into their corresponding 
dihydroxymalonic esters. The two compounds bear the same relation 
to each other that chloral bears to chloral hydrate: 

H-O 

CClj.CHO CUoral-^ CCl3.CH(OH), CUoral Hydrate 

H|0 

CO(C02CgH5)jKctomalonic Ester —-—C(OH)j(COaCjH 5 )g Dihydroxymalonic Ester. 

During preparation a mixture of both forms is obtained if water is not excluded. 
Nevertheless, the hydrates easily pass into the anhydrous compounds when 
heated under reduced pressure. 

Mesoxalic ester is produced (i) from mesoxalic acid, by the usual methods; 

(2) from isonitrosomalonic ester (below); or from malonic ester direct by the 
action of nitrous gases (C. 1903. 11 . 658 ; 1905. 11 . 120 ; 1906, II. 320): 

N.O, N,Oj 

2 (ROgC)gCHg -^ 2(RO,C)aC : NOH ——> 2(ROaC),C : 0 + 2 Ng 0 +Hg 0 

(3) From bromotartronic ester acetate or bromonitromaionic ester by the action 
of heat (B. 25 , 3614 ; 37 ,1775): 

—Cn.COBr —NOBr 

(RO.C)jC(OCOCH5)Br - -^ ROaC.CO -BrNO.C(COjR)* 

(4) fiom dihydroxysuccinic ester when heated, some oxalic ester being also formed 
(B. 27 ,1305I: 

ROgC.CO -CO liOgC —CO ROgC 

I -> )CO - 

RO *C .CO R O aC ^ RO ,C. 

Ketomalonic Ethyl Estei, CO(rOaC2HB)B. bp.14 101°, T:)ib=I'I 358. possesses 
a bright greenish-yellow colour. It is a mobile licjuid, with a faint but not dis¬ 
agreeable ofloui. Dihydroxy>niilo>iic Methyl Ester, { 110 )aC(C 0 g('Ha)a. m.p. 81®. 
DihydroxymMomc Ethyl Esiei, C(OH)a(COaCaH5). m.p. 57°, dissolves easily in 
watei, alcohol, and ether. Dtethoxymalomc Estir, (CallBO)2C(COaCjIlB), m.p. 
43®, b.p. 225° (C. 1807,11.569). Duuitoxymotouic Ester, (CH>CO.O)jC(COgCjHB)t, 
m.p. 145®. Dihalti'ii-malomc Aotds, HaC(COjII)j (p. ^Sy). 

Nitrogen Derivatives of Mesoxalic Acid. 

Ntirobromomalontc Acid, BrNOaC(COgR)a; methyl ester, b.p.^g *33®. and 
ethyl ester, b.p.^, 137®, arc formed from nitromalonic ester (p. 549) and bromine. 
As in other per-substituted nitromethancs (p. 155) the halogen is easily replace¬ 
able. Recomposition into ketomalonic ester (see above) ( 13 . 87 ,1775). 

Dtamtnomalonamtde, (NHa)jC(CONHg)2, is prepared from dibromomalonic 
ester and ammonia. It consists of white crystals, and when heated, easily changes 
into imidomalonamide, Nil: C(CONn2)a- Tetrameikyl Dtaminomalonic Ester, 
[(CH,)jN]|C(COOCHg)|, m.p. 84®, is also obtained from dibromomalonic ester 
and NH(CH3)g. Diantlinoinalomc Ester, (CBHBNH)aC(COOCH3)2, m.p. 125®, 
results from the action of anilin^ on dibromomalonic ester (B. 35 ,1^74 : 1813). 

Oximtdomesoxahe Acid, Isonitrosomalonic Acid, HON —C'(COall)a, m.p. 126®, 
with decomposition into HNC, COj, and HjO. It is formed when hvdroxylaminc 
acts on mesoxalic acid; also from violunc acid (described in* connection with 
alloxan—isonitroso-malonyl-urea (B. 16 , 608, 1021); also from isomtrosomaionic 
ester, HON : C(CO,R)a; methyl ester, m.p. 67®. b.p.,* 168®, ethyl ester, b.p.,* 172®, 
which are prepared from the malonic ester, sodium alcoholate. and alkyl nitrites. 
They form yellow alkali salts. Amides and alhyl amtdes of isonitrosomalonic 
acid (C. I 903 » I* 44 ^» 448). 

Oximidomesoxalic Nitrile Ester, Isonitrosocyanacetic Ester, nON:C(CN).- 
COyC|H|. m.p. 128®, is formed from sodium cyanacetic ester and amyl nitrite. 
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It is a stronger acid than acetic acid (B. 24 ^ R. 595; C. 1902, II. 1412). The free 
isonhrosocyanacetic acid, m.p. 129° with decomposition, has been obtained in 
different ways ; (i) from dihydroxytartaric acid (^.v.) and hydroxylmnine, some 
dioximidosuccinic acid being formed at the same time ; (2) from furazan dicar- 
boxylic acid, thb anhydride of dioximidosuccinic acid (3) from furazan mono- 
carboxylic acid (p. 545) (B. 24 ,1988 ; 28 , 72): 


HON:C.CO,H 
HON:C^ CO.H 


o<r 


N:C.CO,H 


N:C.CO,H 


']SI:C.CO,H 


> o<^ 

^N:CH 


HON:C.CO,H 


NiC 


(4) by the action of NgO, on isoxazolon:' hydroxamic acid, prepared from oxal- 
acetic ester and 2 molecules of Nli gOH (see p. 567) (B. 28 , 761). Further 
derivatives of isonitrobomaIonic acid are: isonitrosocyanacetamide, desoxyfulmi- 
nuric acid, HON:C(CN)CONH2 (p. 251): Isonitrosocyanaceiohydroxamic acid, 

HON:CCCN)C<^qPj, is prepared from formylchloridoxime and Nll,{pp. 243. 


249). Oxy/uragan Carboxylic Acid, || , is formed from hydroxy- 

ON:C(COjH).COH 

furazanacetic acid (see Ox.'^lacctic Ksttr, p. 50b). 

Phenylhydruzononiesoxalic Li>icy, ('gli5NHN:C(C03R)j, dimethyl ester, m.p. 
62®; diethyl c^tcr, an oil, is prepared (i) from mesoxalic ester and phenylhydrazine : 
(2) from sodium malonic ester and benzene diazonium salts (B. 24 , 806 , 124X ; 
26,3183; 28,858; 37,4169). 

Hydrolysis causes the formation first of the monomethyl ester, m.p. 125^, and 
monoethyl ester, m.p. 115®, and then of Phenylhydrazonomesoxalic Add, 
C,H,NilN : C(COaH), m.p. 163® with decomposition, which can also be obtained 
from mesoxalic acid and phenylhydrazine. Phenylhydrazonomesoxalic Ester 
Nitrile, Benzene Azocyanacetic Ester, CjH^NHN; C(CN)COjCjH5, or CgH^N : 
NCH(CN)COjCaHB, m.p. 125°, is formed from sodium cyanacetic ester and 
benzene diazonium chloride (B. 27 , R. 393 ; 28 , R. 997; C. 1906. II. 625); and 
also from potassium malonitrilc and benzene diazonium salts. PhenylhydraMono- 
mesoxalic Dinitrile, CbHbNHN : C(CN)a (B. 29 ,1174)* Phenylhydrazonomesoxalic 
Diamtde, m.p. 232° (B, 37 , 4173)- 

Hydrazonomesoxaltc Diamide, NHaN:C(CONH|)a, m.p. 175^, is formed from 
dibromomalonicdiamidcand hydrazine (B. 28 , R. 1052). 

Oxazomalonic Acid is formed by the action of nitric oxide and .sodium ethoxide 
on malonic ester. The product of reaction is unstable and ioims a sodium salt, 
NjO : C(C0aNa)j+2ll20. with aqutotis sodium hydroxide. This and other salts 
readily explode, especially when dry (B. 28 , 1795). 

(2) Acetyl Malonic Acid, CH,CO.('.H{CO,H)j; ethyl ester, b.p.,, 150 ®, results 
when sodium or, better, copper acetoacctic ester is acted on by chlorocarbonic 
ester (p. 419) (B. 21 , 3567 ; 22 , 2017). On hydrolysis it decomposes into CO*, 
acetone, and acetic acnl. Acetomalonic Monoester Anilide, CHjCO,CH(CONHCbHb)- 
COgCgHsi m.p. 58, is formed by the union of acetoacctic ester and phenyl cyanate. 
It is decomposed by alkalis in the cold into acetic acid and malonic acid anilide 
(B. 88, 2002). 

Acetyl Cynnacetif Ester, Cyanacetoacetic Ester, CH*CO.CH(CN).COBCBHg, 
m.p. 56®, b.p.jB-to *19®. is prepared (i) from the sodium or pyridine salt of cyan- 
acetic ester and acetyl chloride; if acetic anhydride be employed, cyanacetyl 
acetone is also formed; (2) from dicyanacetoacctic ester (p. 417) by separating 
hydrocyanic acid by alkalis. When the salts of cyanacetoacetic ester are alkylated 
and acylatcd 0 ~derivatives of the enolfrom result: CH8C(OCH3): C(CN)C08 CHb, 
m.p. 97®; CH8C(0('OCH5 ):C(CN)COjCH 3 and ammonia yield CHjCCNH*):- 
C(CN)COtCH*. m.]>. i8i® (C. 1904, 1 .1135 ; B. 87 , 33 ‘'^^)■ Propionyl Cyanacetic 
Estex, b.p.** i55-fJb5® (B. 21 , R. 187, 354 ; 22 , R. 4^7 i C. 1899, 1 .185). 


KETOSUCCINIC ACID GROUP 

I. Oxftlacetio Acid, Ketosuccinic Acid [Butanone di-acid], C4H4O5, 
is relatively stable in the free state, and is simultaneously an a- and 
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) 9 -keto-acid. In this connection, the desmotropic enol formuhe of . 
hydroxymakic and hydrotyfumanc acids should be compared; 


CH^OOH 
CO -C OOH 

KetosuLcimc 

Acid 


CH-COOH 

II 

C(OH)—COOH 

Uydrozymali ic 


Acid 


HOCQ-CH 

HO G-COOH 

Hydroxyfumanc Acid 


Oxakcotic acid is prepared (i) from synthetic oxalacetic esten 
(P 566) by hydrolysis with concentrated hydrochloric acid m the cold 
(C 1904 ,1 85), (2) from malic acid (hydroxysuccinic acid) and per¬ 
manganate or H2O2 and ferrous salts at a low temperatuie (C 1900. 
I 328, 1901 ,1 168), (j) from teraconic acid (isopropyhdene succinic 
acid (p 518) by cleavage of the chain with permanganate, (4) from 
diacctyl tartaric anhydride {qv) or acetox3mialeic anhydride (see 
below), pyndme and arctic acid, theie is formed the pyridine salt oi 
hydroxymah ic anhydride which with dilute acids yields oxalacetic 
acid or hydioxymaltic acid respectively (B 40 , 2282) 


CHjCOO CHCOv 
CH,COO CHOCK 


CH3COO ( CO\ C.HgN 

> II >0 -► 

HCCO^ 


C,H.NO C COv 

I II >0 

H CH—CCK 


HOC 

> II 
nc CO 



0 


When the pyridine salt of hydioxymaluc anhydride is treated 
with 12^; sulphuiic icid Hydroxymaletc Acxdfin'f 152°, is formed, 
wh^ch IS converted by 30 {> acid into Hydroxyfumanc Actd, m p 184'’, 
from the salts of which dilute acids regenerate hydroxymaleic acid, 
probably ketosuccmic acid is formed as an mtei mediate product. 
Hydioxyfumanc and hydroxymaleic acids show equally strong 
colorations with feme chloride and decolorations with permanganate 
{Reactions of the enol group) The heat of combustion of hydroxy- 
mak ic (280 58 cals) is 10 8 cals more than that of hydroxyfumanc 
acid Fumaric or Maleic Acids, pp 60, 512) 


Hydroxymaleic Anhydride M~Oxalacettc Anhydride HO C|H(C 0 )| 0 , m p 85* 
with transformition, is picpaicd from the pyridine salt mp 108" (see above), 
by the action of HCl in ether It is very hygroscopic Acetyl chlonde produces 
tcoxa^it Aceioxymadeic Anhydride C n3COO C,H(COj )0 mp 90®, which is also 
formed when oxalacetic acid and acetylene dicarboxylic acid are acted on by 
acetic anhydride at X00® (B 28,2511) 

*he hydroxymaleic anhydride, when treated with aniline at 20® am 
acidifi< d with 5N hydrotldonc icid, is changed into Hydroxymalemanilic Acid 
C,H5NHC0C(01I) CHCOOll m p 113° with decomposition, which is converted 
by IoN sulphuric acid into letd mp 140® with decomposi¬ 

tion The ethyl ester of Oxalacetanihc Acid CjHjNHCOCHaCO COjCiHj, the 
third posiiton ison?rr, is obtained from oxalic ester, acetanilide, and sodium 
ethoxide Ihe anil acids are converted by acetyl chlonde inJ:o hydroxymalHnaml 
(and further mto 4 ceioxymaleinantl, CH,COO C,H(CO)*NC3H3, m p 126®), which 
easily loses water and forms the dimolccular Xanthoxalaml , anilme produces^ 
Amlinomdleinanil, C.H|NH CjH(CO)NC3H-, m p 233® (see above) (B ^ 
2282) 

Hydrox 3 rfuinaranilic acid and hydroxymal^nanilic acid which axe fairly 
stable alone, are decomposed even at o® by aniline into CO| and pyrdlAccemio 
anilide (p» 409). 
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*ioxalacGtic Ethyl Ester, C2H6OOC.COCH2COOC2H6 or C2H5OOC.- 
C((5H):CH.C00C2H6, b.p.24 132°, and the methyl ester, m.p, 770®, 
Libile form, m.p, 87°, b.p.39 137® (A. 277, 375 ; B. 39, 256), are formed 
from oxalic and acetic esters (p. 412) by means of sodium alcoholate 
(IF. Wistirenus) ; also Irom acetylene dicarboxylic esters (p. 523) by 
the addition of water by warming with sulphuric acid ; and from the 
silver salt of oxalacetic acid and if 'do-alkyls. When boiled with alkalis, 
the ethjd ester undergoes “ acid clc.ivage ” into oxalic acid, acetic 
acid, and alcohol; when boiled witli dilute sulphuiic acid “ ketone 
cleavage ” occurs into CO2 and pyroracemic acid, CH3.CO.CO2H (p. 407). 
When heated undtT ordinary pressure it suffers “ carbon monoxide 
cleavage into CO and malonic ester, with pyroracemic ester as a by¬ 
product (B. 28, 811) : 

C(;,c H, ('O 'ClIaCOaCjHg Acid cleavage 
CC^«r_>Ft. CO.CilalCOaCaH, Ketone cleavage 
COjCjIlg/COj CH,COjC,Hb Carbon monoxide cleavage 

Rediictinii converts oxalacetic ester into the ester of i-malic acid 
(B. 24, 34ih). 

Ferric chloride colours a solution of the ester a deep red. Copper 
acetate proc’pitates the ethyl tster as a green copper i,aU {C8H]^06)2- 
CU+H2O, m.p. 155®, anhydrous, m.p. 163°, If this salt is boiled with 
methyl alcohol, it is converted into the copper salt ol Oxalacetic Methyl 
Ethyl Ester, COOrH3.COCH.^COOC2H6, b.p.3 no® (A, 321, 372).. 

Ammonia bcconn s added on to oxalacetic ester, forming what is 
probably the ammonium salt of the aci-oxalacctic ester (hydroxy- 
fumaric or hydroxymalcic ester), C2H500C.C(0Nir4):CH.C00C2H5, 
m.p. 83°. It becomes gradually changed into oxalocilnc lactone ester, 
which is also formed from oxalacetic ester and a tertiary amine (comp. 
B. 39, 207). 

Aminofumaric Ester, C2ll50C0.C{NH2):CH.C02C2H5, b.p.20 142®, 
is formed when the above ammonium salt is rapidly distilled ; also, 
from chlorofumaric and chloromaleic ester and ammonia. Copper 
acetate slowly regtaierates the copper oxalacetate ester (A. 295, 344). 
Aminofnmaramidc Ester, m.p. 139®, and Aminomaleic Amide Ester, 
m.p. 119® (C. 1897, I. 364). 

Similarly to acetic ester, oxalic ester also condenses with a'ceto- 
nitrik (B. 25, R. 175), and with acetanilide (see above) (B. 24, 
1245)- 

yxn^^ym.-pieihoxysuttinu Ji.ter, CO,C,H,.C(OCaH5)2CHjCOaCall*, is formed 
together with etho.syfumaric ester (below) both from ordinary dibromosuccinic 
ester and acetone dicarboxylic ester by the action of sodium cthoxide. The 
resulting diethoxysucotwo acid, when allowed to stand under greatly reduced 
pressure or when heated to iuo°, loses ether and becomes converted into oxalacetic 
acid (B. 29 , 1792). 

Eihoxyfumaric Ester, t:, 11 ^ 000 . 0 ( 00 , 11 ,); CH.COOC,H„ b.p.n 130*, is 
prepared from silver oxalacetic ester and iodocthane, and from dibromosuccinic 
ester, with simultaneous formation of diethoxysuccinic ester (see above), by taking 
up alcohol. The free Ethoxyfitwayic Acid, m.p. 133®. is obtained from the este 
by the action of cold dilute alkah. Acetic anhydride converts it into the fluid 
tikoxymaleic anhydride, takes up water and foims Ethoxymaleic Acid, m.p. 
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Both acids are hydrolyzed by hydrochloric acid into oacalacetic acid (B. 28f 
2512; 29, 1792). 

Methyl Oxalacetic Ester, Oxalopropionic Ester, COsC|H«.CO,CH(CH«)'.COt* 
C|H|, is formed from oxalic ester and propionic ester. Methyl OxdlacetanU, 

CO.CO.CH(CH,)COllc,H,. m.p. 192*, is pr epared from ox alic este r and pro- 

pionanilide; also from anilinociiraconanil CO.C(NHC«H():C(CH,)COllfCaHBi the 
product of action of chloro- or bromo-citraconanil (p. 516), aniline and sulphuric 
acid (B. 24, 1256 ; 35,1O26). 

Ethyloxalacetic Ester, OxcUobutyric Ester, CO,CjH,.CO.CH(C,H^)CO|CjH, 
(B. 20» 3394). Dimethyl Oxalacetic Ester, Oxalisobutync Ester, CO,C,H,.CO- 
C(CH,)jCO*C,Hb, b.p.,1 IT7®, is obtained from oxalic ester, bromisobutyric ester, 
and magnesium (B. 41 , 9 ^ 4 )* Methyl Ethyl Oxalacetic Ester, b.p.14 134” (C. X905, 
1.1590). 

Nitrogen Derivatives of Oxalacetic Acid (B. 24, 1198). For the salt-like 

addition products of oxalacetic anhydride and oxalacetic ester with pyridine and 
ammonia, and their reaction products, sec pp. 564, 565. 

Oximes and Phenylhydtazones. a-Oxtmtdosucctnic Acid, xn.p. 143® with de¬ 
composition, is formrd*from oxalacetic acid and hydroxylamine. Acetic anhydride 
converts it into the fi-aetd, m.p. 120® with decomposition (C. 1901, I. 353). 
P‘Oximtdosuccivic Monoethvl Ester, m.p. 54®, is prepared from the oxime of 
oxalacetic ester and water; and a-Oxtmidosticcintc Ethyl Ester, m.p. 107®, is 
obtained from di-isonitroso-succinyl-succinic ester and water. When heated they 
both yield CO* and o-oximidopropionic ester, CH,C; N(OH)CO,CjHb. Both 
monoesters are given the formula COjII.CHbC ; N(OH)CObCbH 4, and are assumed 
to be stereoisomers (B. 24, 1204). Oximidosuccinic es/^r.CO^jHg.CNIOH).- 
CHbCObCiHb, is a colourless oil (B. 21, R. 35/). Comp. Aspartic Acid and 
Asparagine (pp. 553, 551). 

Hydroxylamine and ammonia act on oxalacetic ester producing the ammonium 
salt of isorazolone hydroxamte acid, which is converted by alkalis into hydroxy- 
furazan acetic acid. 


I I 

o.N:C.rn,.co 

I 

HON:C(OH) 



N:CCHjCOOH 

I 

N:C(OH) 


which is oxidized by pciindnganate into hydroxyfurazan carboxylic acid (B. 28 , 
761). 

Phenylhydra/inc reacts with oxalacetic acid to form a phenylhy dr ozone, 
COOH.C(NNH.CbHb)CH 2 COOH, m.p, 95®, with decomposition into CO, and 
pyroracemic acid phcnylliydrazonc. It undergoes the same decomposition when 
boiled with water, but w»hcn heated with acids, it forms phenyipyrazolone'car¬ 
boxylic acid or iactazam (p. 106) (C. 1902, II. 189): 

COOIT.C.CH, H,0 COOH.C.CHj.COOH h,SO* COOH.r.CHj.CO 

•II II -^ II I 

NNHC.H, NNHC.H, N-N.C.H, 

Phenylhydrazine becomes added to oxalacetic ester like ammonia (p. 5^^) I 
the addition product, m.p. 105®, is either a phenylhydrazine salt of hydroxyfumaric 
ester or is analogous to an aldehyde-ammonia compound. It readily changes 
into Oxalacetic EsterPhenylhydrazone, m.p. 97®,which is also formed from acetylene 
dicarboxylic ester and phenylhydrazine. The reaction products of hydrazine 
and phenylhydrazine on oxalacetic acid also readily form 1 ctazams or pyrazolone 
derivatives by loss of alcohol (see above) (A. 246, 320 ; B. 25, 3442 ; 26, 1721). 

Diaxosuccinic Lster is formed when aspartic ester hydrochloride reacts with 
sodium nitrite. It is yellow in colour, aud is easily decomposed. When boiled 
with water it forms fumaric ester ; reduction re-produces a.<martic ester. Dtofo- 
succinamide Methyl Ester, CH,0,C CN,.CH,CONH„ m.p. 81^, is formed, togetim 
with fumaramide, from diazosuccinic methyl ester and ammonia (B. 19, 2469} 
89 , 7 ^ 1 : 37,1264). 

Urea anite%^ith oxalacetic ester to form Uracil Carboxylic Ester (x), i&»p* X69 1 
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asMiSk JJtoxeUucettc Ester Carbamide (2), m.p. 104® ; raanidine produces 
Ester Guanidine (3), m.p. 147* with decompositidn (C. 1898, I. 445 ): 

RO,C.C:CH.CO CH,CO,R CHtCO,R 

(i) ' / I (2) I (3) I 

NH.CONH CO(N:C.CO,R), HN:C(N:C.CO|R), 

2. Aoetosncoinic Esters and Alkyl Acetosucoinic Esters are pro¬ 
duced when sodium acetoacctic esters and their monoalkyl deriva¬ 
tives are acted on by esters of the a-monohalogen fatty acids. 
Acetosucdnic Ester. CH,CO.CHCOjC*H.i 

I » h.p.i4 I4I*. is prepared irom 

CH,.COaC*H, 

sodium acetoacetic tster and brom- or chloracetic ester. The hydrogen atom of 
the CH- group, in the esters, can be replaced by alkyls, e.g., by methyl: 

a’-Methyl Acetosuccimc Ester, CHaC0C(CH5)(C0jCaIl5).CHaC04CaHg, b.p. 
263®, is formed from methyl acetoacetic ester and chloracetic ester. 

B*Methyl Acetosucdnic Ester, CHjCO.CH(COaCjH5).CII{CHa)CO,C,H,, b.p. 
263 , from acetoacetic ester and a-bromopropionic ester. 

When heated alone the acetosuccinic acids act as in the aci- or enol- form, 
lose alcohol and form oh fine lactone carboxylic acids (C. L89K, I. 24). ^ Ammonia 
and the primary amines produce aminoethylidene suednte ester, which readily 
changes into olefine 4 actamic ester: 

CH,CO.CH.CO,R CH,C ---^C.COaR CH,C - -^C.CO.R 

-^ I I -I I 

CHjCOaR NH, CHaCOaR NH.CO.CHa 

Ammonia produces a^AminoethyhdineSuccinic Ester, m.p. 72®, and Aminoethylid^e 
Succimmtde, which is converted by hydrochloric acid into Acetosuccinimide, 
m.p. 84-87® (A. 260 , 137 ; IJ. 20 , 3058 ; C. 1897, 1 . 283): 

CHaC"-- C—CO. CH3CO.CH CO. 

I I >NH -> 1 >NH. 

NH, CHj.CCK CHa—CO/ 

Acid cleavage changes acetosuccinic acids into acetic and succinic or alkyl 
iuccime aetds (pp. 492, .f9^). Ketone cleavagi causes the formation of COa and 
y-keto-acids (p. 421). Nitrous acid causes acetosuccinic ester to lose alcohol and 
COg. and to change into isonitrosolavulinic acid (p. 547) (comp. Isonitrosoacetone, 
P-3.51). 

COaCaHg HNOa 

I „ > CO*H,CHa.C: (NOH).CO.CH,. 

COjCgHg.CHa.CH.COCHa 


KETOGLUTARIC ACID GROUP 

1. u-Ketoglutarle Acid, COOH.CHaCHa-CO.COOH, m.p. 113®, is obtained 
from oxalosuccinic ester by ketone cleavage (C. 1908, II. 786). Cyanoximidohutyric 
Acid, COjH.CIlj.Cllj.C=(NOH)CN, m.p. 87®, is a derivative of a-ketoglutaric 
acid. It IS formed when cold sodium hydroxide acts on furazan propionic acid 
(p. 51 ^)» When it is boiled with sodium hydroxide a-Oximidoglutaric Acid, 
COfH.CHg.CHjC=N(OIl)COaH, m.p. 152®, is produced (A. 260 , 106). 

y 2. Acetone-Dicarboxylic Acid, ^-Ketoglutaric Acid, C0(CH2C02H)2, 
m.p. about 130°, and decomposes into CO2 and acetone. It may be 
obtained by warming citric acid with concentrated sulphuric acid (v. 
Pechmann, B. 17 , 2542; 18 , R. 468; A. 278 , 63), and by oxidizing 
it with permanganate (C. 1900, I. 328). The diethyl ester may be 
prepared by the action of alcoholic hydrochloric acid on y-cyanaceto- 
acetic ester. 

Acetone dicarboxylic acid dissolves readily in water and ether. The 
alteration which takes place on heating the acid alone (see above), 
also occurs on boiling it with water, acids, or allmlis. The solutions 
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of the add are coloured violet by feme chloride. Hydrogen reduces 
the add to jS-hydroxyglutarK aad (p. 558). 

PCI. converts the acid into chloroglutaconic acid^ CO|H CH * CCl CHbCO|H. 

Hydroxylamine changes it to Oxxmxdoacetone Dtearboxyhe Acid, COsH CH^ - 
C(N 0 H)CH>C 0 ,H+H, 0 , mp 54® anhydrous, mp 89® (B 28,3762) Nitrous 
acid convents acetone dicarboxylic acid into diisonitroso-acetone (p 537) and 
COi (B 19 , 2466, 21 * 2998) I he acid is condensed by acetic anhydride to 

CHb CO CH CO C COjH 

dehydfoctiocafboxylic acid, \ || (A 278 * 186) 

CO-O-CCH, 

AcUone Dtearboxyhe Fster ROjC CHjCOCHj CO^R, methyl ester bp,, 128*, 
ethyl ester, bp,, 133° (B 23 . 37^2 24 , 4095 C 1906, II 1305) Acid and 

alkaline reagents cause the esters to lose alcohol and water, and readily to condense 

ROjCCHjC C(CO,R). 

to orctnol eo,2,6 tnearboxyhe e ter RO^C C^ ^COH (Vol II ) 

'\C(OH) CH^ 

Sodium and lodo alkyl produce alkyl acetone dicarboxylic esters, whereby 
the hydrogen atoms of the t o CH, groups can be successively leplaced by alkyl 
groups (B 18,2280) it IS however, difficult to separate completely the various 
products of reaction * oa. Dimethyl Acetone Dtearboxyhe Fster, CH,CH(C02H) 
COCH(COaR)CH, is condensed I v concentrated sulphunc acid into aci-dimetkyh 

CH3C—CO 

cyclobutanone carboxylic ester, {| | a monobasic acid (B 40 , 

HOC—C(CH,)CO,R 

1604) of which the sodium salt reacts with lodomethane in alcohol to form 
tnmethyl acetone dicarboxylic ester This is also formed from oa diethyl acetone 
Iicarbo\yIic ester (CHs)|C(CO,R) COCHjCO,R. tht product of reaction of 
dimethyl malonic cstci acetic ester, and sodium (C 1903, I 76 ,* II 190) 
oA^Dieihyl Acefme Dicarboxylic Ester COjCjHg ^(CjHjljCOCHjCOjCjHj, is 
formed by the cxrbon monoxide cleavage of a diethyl y oxalyl acetoacetic ester, 
CiHsO^C C(C JigljCOCHjCOCOiCjHj (comp pp 567 609) (B 88, 3438) 

Iodine and di sodium acetone dicarboxylic ester produce hydroquinone tetra- 
carboxyhc ester (Vol II ) 

Condensation of acetone dicarboxylic ester and aldehvdts (B 29,994 R 93, 
41 , 1602 etc ) 

O^Lthyl \ce^one Dtearboxyhe I'xter P Lthoxyglutaconic Ester, CjHsOiCCH - 
C(OC»Hj) CH«C OjCgllj bp,, 146® IS lormed from acetone dicarboxyhc ester, 
orthoformic cst r and acetyl chloride Hydrolysis produces at first the free 
p 1 ihoxyglutaconic acid mp 1S2® (C 1^98, II 414) 

Aqueous ammonia converts the ester into p-Hydroxyaminoglutaminic Ester, 
ROjC CHaC (OH)(NH2) CHjC ONHj and then Ghttaxine, p-Aminoglutacontmide 

io CH C(NH,) CH,CONH mp 300® with decomposition This substance is 
converted by alcoholic ammonia into^- iminoglutacontcI ster, ROjC CH * (NH,)- 
CH^COiK (B 28,3762) Aniline at ordinary temperatures produces inilacetone 
Dicarboxylic Ester, C^IIjN C(CHaC02R)a m p 98° vihiXht eX 100^ Acetone Di 
caiooxylrc Anilide OC(CU C OVIICeHs)^, is formed, together with other sub 
stances (B 33, 3442 85* 2081) 

Nitrous acid converts acetone dicarboxylic esters into f somiroso icctone 
Dicarboxylic Ester (i) and Ilydroxytsoxaxole Carboxylic I stcr (2) (B 24 , 857), 
fuming nitric acid products a, Di isonitroso-Peroxxde (3) (B 26 , 097) 

ROjC C COC Ho COaR RO* C C C(OH) C CO.R 

(I) II (2) II I 

NOH N-O 

ROjC C-CO-C COaR 

( 3 ) II II 

NOON 

The phenylhydrasone of acetone dicarboxylic aetd like the ester, readily forms 
the corresponding lactazam {phenylpyraxolone acetic acid) (B 24 , 3253) 

C.H,NHN CCHaCOall C,H,NN CCHaCOjII 

^OOC CHg 


<iO—CH, 


V 



570 


ORGANIC CHEMISTRY 


y-Cyanacetoacetic Ester, CN.CH*CO.CH,CO,C,Hg, b.p.45 135®, is formed from 
y-chloracetoacetic ester and potassium cyanide (B. 2 % R. 18, 38). y-Cyano- 
dimethyl-acetoacetic Ester, CN.CHjCO.C(CH3),.CO*CH3, is formed from y-bromo- 
dimethyl>acetoacetic ester. When heated with alkalis or acids it passes into 

C 03 H.CH.CH( 0 H).C(CH 3 ), 

aa^DifnethyiPy^DikydroxyglutaricAcidLactone, \ I , m.p. 

o -CO 

214* (B. 32 , 137), which, on reduction, is converted into y-hydroxy-dimethyl- 
glmaric acid lactone (p. 5 ,9)- 

3. a-Acetyl n..~Glutaric Acids are prepared by the action of / 3 -iodopropionic 
ester on the sodium compounds of acetoacetic ester and the alkyl acctoacctic 
esters: a-Acetoglutaric Ester, R02C,CH(C0CHj)CHj.CHa.C0jR, b.p. 272* ; 
a-Eihyl a~Acetoglutaric Ester, R03C.C(C2H5)(C0CHj).ClfjCHjC0aR, decomposes 
on distillation. On loss of COj, the free acids pass into the corresponding 8-keto- 
carboxylic acids (p. 424) (A. 268 , 113). With ammonia and primary amines they 
form lactams of d-amino^olefine dicarhoxyhc mono-esters (B. 24 , R. 660). 

4. fi-Acyl Glutartc Esters are formed when the sodium salt of tricarballylic 
acid (p. 503) is heated with carboxylic anhydrides, with simultr.neous loss of CO, ; 
they arc, however, converted at the temperature of reaction into dilactones, 
from which the ketone dicarboxylic acids are regenerated by the action of alkalis 
(Ftttig, A. 341 , 1): 


XH.COOH (RCO),o I CH,C06 /CH.COOH 

HOOC..CHC - > RC.Cll/ ■< - >■ RCO.Cn<; 

^CH,COOH CHjCOO x:iJ,COOH 


Tricarballylic Acid. 


Dilactone. 


3-Acyl Glutaric Acid. 


p-Acetyl Glutaric Acid, CH3CO.CH(CH2COOH),, m.p. 58®, is obtained from 
its dilactone, m.p. qg°, b.p.,, 205®, by the action of boiling wafer or alkalis. The 
dilactone is formed when sodium tricarballylatc is heated witli acetic anhydride 
at 120-130®, also when acetotricarballylic ester is boiled with liydrocliloric acid 
(A. 295, 04). 

p-Butyryl- and p-lsohutyryl-glntaric Acid, CH,CH2CH2COCH(CH,COOH)„ 
m.p. 88®, and (CH5)aCHCOCH(CH2COOII)j, m.p. 100® vilh decomposition; 
dilactones, m.ps. 55® and 90®. are obtained from sodium tricarballylatc and butyric 
or isobutyric anhydrides 

Keto-adlpic, Ketopimelic and the Higher Ketone-dfcarboxylic Oxides, 

I. Oximes of a-Keio-adipic Acid and a'Ketopimelic Acid arc obtained from 
adipic and pimelic esters by moans of their carboxylic comlcnsation products 
(comp, p, 504) when acted on by ethyl nitrite and sodium alcoholate: 

CH,.CH(COaH)v HNO, CH,.C(NOH)CO,R 

I \co -^ I 

CH ,-CH, ' R.OH CH,.CH ,.COjR. 


a.-~Oximido-adipic Ester, m.p. 53® ; acid, 110,C.CIT3Cfl2CH2C(N0H)C0,H, 
m.p. 152® with decomposition into CO,, 11 , 0 , and glutarir acid nitrile ,(p. 502). 
QrOximido-y-methyl-adtpic Ester, m.p. 50°; acid, IIOOr.CIIaCH{Cil,).CH,- 
C(NOH)COall, m.p. 1O3® with (lccouix)osition into CO,, 11 , 0 , and j8-methyl 
glutaric acid nitiile (p. 5(»3). a-Oximidopimehc Ester, on oil; acid, HOOC[CH,] 4 - 
C(NOH)CO,H, m.p. T43® with decomposition into CO,, 11 , 0 , and adipic acid 
nitrile (p. 505) (B. 33 , 570). 

2. Acetone Dlacetic Acid, Hydrochelidonic Acid, Lavuhnic Acetic Acid, y-Keto- 
pimelic Acid, CO(CU2CH,C0,H)„ m.p- 143“, is formed from chelidonic acid 
(or acetone dioxalic acid, p. 621) by reduction; also from furfuracrylic acid 
(Vol. H.) by cleavage with hydrochloric acid. Treatment with acetyl chloride 
or acetic anhydride converts it into a dilactone, m.p. 75**t which when boiled with 
water or alkalis re-forms the acid : 


< CH,Cfl,CO,H 
CH,CH,CO,H 


XH,CH,CO<!) 
■> C<' 

j XH,CH,CO O 
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This dilactone is also formed during the prolonged boiling d! succinic acid: 
2C4H«04aBC7H,04+C0s-H2Ha0 (B. 24 , Z43 ; A. 267 ,48; 294 ,163). Hydroxyl- 
amine produces the oxitne, C(NOH)(CfH^.COtH)tt xn.p. 129** with decomposition; 
phenylhydrazine gives rise to the phenylhydtazone, C(N,H.C4H4){C,H4C04H), 
m.p, 107®, The Acetone Diaceiic Ester (ethyl ester, b.p.j, 171°) gives, with bromine, 
sym.-dihromacetone diacetic ester; methyl ester, m.p. 58®; ethyl ester, m.p. 
49 * (B. 87 , 3295). 

Phovonic Acid, Acetone Tetramethyl Diacetic Acid, C0[CHa.C(CH3)4C04H]4. 
m.p. 184®, is formed from the addition product of phorone and two molecules of 
hydrochloric acid (p. 220) by successive treatments with potassium cyanide and 
hydrochloric acid (B. 26 , Z173). The corresponding y-dtlacione, m.p. X43® 
(A. 247 , no). 

V 3. Acetone Di-fi-propionic Acid, S^Keto-axelaic Acid, COCCHaCHiCHaCOjHJi, 

, m.p. iba® (dimethyl ester, m.p. 31®), is obtained from acetone dipropionic dicar- 
boxylic ester, the product of di-sodium acetone dicarboxylic ester and two 
molecules of jS-iodopropionic acid. Reduction changes it into sym,~hydroxy~ 
aselaic acid, HOCH[CH2Cti2CH8rOjH]4, m.p. 105®. When heated it gives off 
wattr, but instead of a dilactone (p. 57 0) a he xamethylcne ring body is formed : 

Dihydroresorcyl Propionic^cid, C0[CHJaC0CH[CHj],C04H. This, on cleavage 
with nitrous acid (comp. p. 570), yields oxtmido-acetone dipropionic acid, 
H04C[CH4]sC 0C(N0H)[CHJ2C02H, which undergoes the Beckmann inversion 
(p. 227), and is decomposed into glutaric and succinic acids (B. 87 , 3816). 


OLEFINE- AND DI-OLEFINE-KETONE DICARBOXYLIC ACIDS 


1. Oxalocrotonic Acid, COOH.CO.CHjCH : CIl.COjH, m.p. i 9 o‘’» with for¬ 
mation of a di-olcfinc-Uctone carboxylic acid, a- 2 *yrone ^-Carboxylic Acid, 

COjH.C: CH.CH: CHCOO, m.p. 228®, is prepared from Oxalocrotonic Ester, 
CjHgOjC.CO.CHjCH : CHCOaK, mp. 79®. which is formed by condensation of 
oxalic and crolonic esters by sodium alcoholate. Like oxalacetic ester, it 
possesses strong a^^idic properties (comp. Glutaconic Ester, p. 521) (C. 1901, II. 
1264), 

2. a~Aceto p-mefhyl-gliitacomc Acid, CH3CO.CH(COaH)C(CH8): CHCO4H, is 
the hypothetical acid of which the lactone of the aci-form is Isodehydracetic Acid, 


Dimethyl Coumahr Acid, CTI ,0 : C(C02H).C(CH8): CHCO, m.p. 155®. This is 
obtained by condensation of ac( toacetic ester by means of sulphuric acid ; also 
by reaction of sodium acetoacctic ester with j 9 -chlorocrotonic ester. The 
lactone decomposes at 205® into COj and mesitene lactone (p. 399)- Methyl 
ester, m.p. 67®, b.p.,* 107®; ethyl ester, m.p. 25®, b.p.^a 166°. takes up two molecules, 
of ammonia to form a salt which resembles ammonium carbonate in its decom¬ 
position products; at 100-140°, however, there is formed the corresponding 

. j - - I 

lactam, Cdrboxeihyl Psetsdoluhdostyril, CH4C:C(CO|R)C(CH8):CHCONH, which 
is also formed by condensation of j8-aminocrotonic ester (p. 419) (A. 269 , 172; 

B. 30,483)- 

3. p-Carboxyl Diacrylic Acid, yKeto-a}*^pentadieneDicarhoxylic Acid, CO[CH 
CHCOOH],, m.p. above 230®, with decomposition. Its esters arc yellow-coloured; 
dimethyl ester, yellow leaflets, m.p. 169®, diethyl ester, yellow prisms, 50®, are 
formed from dibromacotone diacetic esters (above) by the loss of 2 molecules 
of hydrobromic acid through quinoline (B. 87 , 3293). 

Carboxyl Dimethyl Acrylic Acid, Acetone Dipyroracemic Acid is precipitated 

I "" • I 
CH; C(CH,).COO 

CH; C(CH,).COO* 

I 


from its salts in the form of its anhydride or y-dilactone, 


m.p. i66®, b.p. 234°, which is obtained by the condensation of acetone and pyro- 
racemic acid (B. 81 ,681}. 
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THE URIC ACID GROUP 


Uric acid is a compound of two cyclic urea residues combined with 

HN—CO 


a nucleus of three carbon atoms: OC c— 

I II >CO. 


By its oxida 


tion the ureides of two dicarboxylic acids—oxahc dcid and mesoxalic 
acid—^were made known. The ureide of a dicarboxylic acid is a 
compound of an acid radical with the residue, NH.CO.NH; e,g. 


CO—NH 
I 

CO—NH 


^CO=urcide of oxalic acid, oxalyl urea, parabanic acid. 


They are closely related to the imides of dibasic acids, succinimide 
(p. 497), and phthalimide ; and parabanic acid may, for example, be 
regarded as a mixed cyclic imide of oxalic and carbonic acids. like 
the imides, they possess the nature of an acid,* and form salts by the 
replacement of the imide hydrogen with metals. The imides of dibasic 
acids are converted by alkalis and alkaline earths into amino-acid 
salts, which lose ammonia and become converted into salts of dibasic 
acids. Under similar conditions the ureide ring is luptured. At first 
a so-called wr-acid is produced, which finally brcal^ down into its 
components, urea and a dibasic acid : 


CH,CO 

I 

CH,CO 

Sucaiumide. 

CONH 

I 

CONH 

Parabanic 
And. 




CH-CONH, 

> I 

Cl jCOOH 

Succinazntc Acid. 

CONHCO 

^ I I ■ 

CO,H NH, 

Oxalunc 

Acid. 


CHjCOOH 
I +NH, 

CHjCOOH 
Succinic Acid. 

COOH NH,\ 

^ 1 -f >co. 

COOH NH,/ 

Oxalic Ur«a. 
And. 


The names of a scries of ureides having an acid character end in 
“uric acid,*'—barbituric acid, violuric acid, dilituric acid. These 
names were constructed before the definition of the ur-acids given 
above, and it would be better to abandon them and use th6 ureide 
names exclusively,—e.g. malonyl urea, oximidomesoxalyl urea, nitro- 
malonyl urea, etc. 

It IS the purpose to discuss the urea derivatives of aldeljydo- and 
keto-carboxylic acids, of glyoxalic acid and acetoacetic acid in con¬ 
nection with the ureides and “ur” acids of the dicarboxylic acids. 
These are allantoin and methyl uracil. The first can also be prepared 
from uric acid, whilst the methyl uracil constitutes the parent sub¬ 
stance for the sjmthesis of uric acid. 

Xanthine, theobromine, theophylline, theine or caffeine, and 
guanine, hypoxanthine, adenine, etc., are related to uric acid. 

IlreYdes or Carbamides of Aldehyde- and Keto-monocarbozylio 
Acids. 

These bodies arc connected themselves with the ureides of the 
oxyacids, hydantoin, and hydantoic acid, which have already been 
discussed (p. 442). 

4 



' ALLANTOi'N 

The following conipounds with urea are derived from glyoxylie acid l 


5^3 


OCH.CO.NHCONH, 


I I 

HOCH.CO.NH.CONH 


AUantuxio Add or Glyozalyl Ur«a. 


(tIH,CONH),CHCOOH NH,CONH.CHCO.NHCOl!lH 

Allantoic Acid and AUaiitom. 

Allantoin, C4HfOB> m.p. 231® with decomposition, is present in the urine 
of sucking calces, in the allantoic liquid of cows, and in hum^ urine after the 
ingestion of tannic acid. It has also been detected in beet-juice (B. 29 , 2652). 
It is produced artificially on heating glyoxalic acid (also mesoxalic acid, 
CO(CO,H),) with urea to 100® ; also from hydantom by the action of bromine 
and urea (A. 332 ,134)* 

Allantoln is formed by oxidizing uric acid with PbOt and MnOg, potassium 
ferricyanide, or witJi alkaline KMuOb (B. 7 , 227). Methylated uric acids when 
oxidized in alkaline solutions yield methyl oUantoine (comp. p. 583) (A. 823 ,183). 

Allantoln crystallizes in glistening prisms, which are slightly soluble in cold 
water, but readily in hot^watcr and in alcohol. It has a neutral reaction, but 
dissolves in alkalis, forming salts. 

Sodium amalgam converts allantoln into glycolunl, or acetylene urea. 

Allantoic Acid (formula, see above) decomposes at 165®, is prepared by 
hydrolysis of allantoln or its salts. It is not very soluble in water, and readily 
decomposes into urea and glyoxyhc acid. Ethyl ester, (NHbCONH)bCHCOi- 
C.H„ IS prepared from glyoxyhc ester, urea, and hydrochloric acid. Ammonia 
or al^i hydroxide solutions condense it to allantoin (C. 1904, 1 . 792 ; 1906, II. 
578). 

AUantufic Acid (formula, above) is obtained when allantoin is warmed with 
nitric acid, and by the oxidation of hydanUnn (p. 412). It is a deliquescent 
amorphous mess, insoluble in alcohol. Glyoxyl Urea (formula, see above) is a 
decomposition product of oxomc aetd, CBlfjNjO, obtained by oxidation of uric 
acid. It consists of thick needles, readily soluble in hot water (A. 175 , 234). 

Glyoxyhc acid unites with guanidine to form, according to the conditions of 
reaction, guanidine glyoxyhc acid (i), m.p. 210® with decomposition, or %m%dO“ 
allantoin (2) (?) (A. 315 , i): but with thiourea it forms glyoxyl tkiocarbimide (3), 
consisting of red-brown crystals (A. 317 , 131): 


(1) HNC 


NH—CHOH 

\nii, cooh 




( 2 ) 


HNc/ 


NH—CH.NH 


X 


NH, CO.NH/ 


>CO (3) 


.NHCO 

SC<' I 
^N«CH 


Pyruvil, NHaCONH.C(CH5)CO.NHCX)NH, is formed by heating pyroracenac 
acid and urea, during which an intermediate product, CH,C(NHCONH,),COOH, 
isformeef (C. 1901, II. 1114). 

The utacils are the urcidcs of ) 3 -aldo- and jS-kcto-carboxylic acids. The simplest 
uracil, the ureidc of formyl acetic acid, its amino-derivativc cytosine, like thymine, 
the unde of a-formyl propionic acid, together with various purine denvatives 
(p- 587)* are members of the nucleinic acids (see Proteins) which occur in thymus 
^ands. fish spermatozoa, yeast, kernels of plants, etc., and obtained from these by 
hydrolysis with sulphuric acid. The uracils contain the six-membered pyrtmtdtne 
ring (Vol. II.), which, when united to the five-membered glyoxaline ring, shows 
the constitutional formula of uric acid (?.v.). Derivatives of uracil are, there¬ 
fore, employed in many ways for the synthesis of uric acid and other purine 
derivatives (pp. 585, et seq). 

(6) (i) 

Uracil, C4H40,N,. (a) or = g[>C(OH) 

^ ( 4 ) ( 3 ) 

%,6~Dihydfoxypyrimidin0, m.p. 335® with decomposition. It is prepared froxn 
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nvclelnic acid (p. 573), and synthesized (i) from hydrouracil (p. 444) hjf 
bromination to bromhydrouracil, C4H,BrOaN|, and withdrawal of hydrobromic 
acid by means of pyridine; (2) Trichloropyrimidine, C^HClaN^, obtained from 
barbituric acid (p. 576), and POCI3, reacts with sodium mcthoxide to form 
dimethoxychloropyrimidine. (C4H(OCHa)aCIN,; this is reduced with zinc dust 
and hydrochloric acid to 2,6-dimethoxypyrimidine, C4H3(OCH,),N3, which is 
hydrolyzed to uracil by evaporation with hydrochloric acids ; (3) ^-Methyl 

thiourea and formyl acetic ester produce methyl mercapto-oxyp^^midine 
(comp. p. 453), which is decomposed by hydrochloric acid into methyl mercaptan 
and uracil (B. 84 , 3751 ; 36 , 3379 ; C. 1903. I. 1309). Uracil is easily soluble in 
hot water, and with difficulty in alcohol and ether. It is precipitated by phospho- 
tungstic acid and mercuric sulphate. 

Cytosine, Uradlimide, 2-Oxy-6~aniino-pyrimidine, C4H3ON, (see below), 
decomposed at 320-325“, is synthesized as follows : ethyl mcrcapto-oxypyri- 
midine (p. 573) and PClj give ethyl mercaptochloropyriniidine, which, by 
ammonia, is converted into ethyl morcapto-aminopyrimidine ; this is decom¬ 
posed by hydrobromic acid into mercaptan and cytosine (C. 1903, I. 1309). 
Nitrous acid converts cytosine into uracil (C. 1903, I. 1365): 


C,H,S.O^ 


Nj 


-CCl 

I 


NHs 


oc. 


NCH: CH 

C.NH, 


C„HS.C 
HNOi 


/ 


N- 


=C.XH, 


"^N.CH ; CH 

NH-CO 


^NH.CH:CH 

Cytosine. 


> oo( I 

^NHCH : CII 

Uracdl. 


Cytosine is decomposed by permanganate into biuret (p. 445) and oxalic acid. 
It forms salts with nitric acid, sulphuric acid, HjPtCle; also with silver, mercury, 
etc.; m.p. 278®. The isomeric 2-^ w»no-6-oxy/>yM»itdtwc, the g?4ane%de of 

.NH-CO 

formyl acetic acid, NHsCc | , m.p. 276“ with decomposition, is formed 

^NHCH: CH 
from guanidine and formyl acetic ester. 

Thymine, s-Meihyl Uracil, CHjC^^^'^^^CO, m.p. 318-321® with decom¬ 
position, is synthesized analogously to the uracils : (i) from 5-nicthyl hydro- 
uracil (p. 414); (2) from C-methyl barl^ituric acid (p. 577); (3) from 2-methyl- 
mercaplo-s-metUyl-O-oxypyrimidine, the product of 0 -methyl thiourea and 
a-formyl piopionic ester ( 13 , 84 , 3751 ; 38 , 3394 ; C. 1903, 1 . 1309). 


4-Metliyl Uracil, m.p. 320® with decomposition, is 

synthesized: (i) from acetoacetic ester and urea and (2) from 4-mcthvl hydro- 
uracil (p. 444); POCls reacts with methyl uracil and pioduces ^~mcthyl~2,6~ 
dichloYO-pyvxmxditic: electrolytic reduction yields melhvl trimethylene urea 
(p. 441) and 1,3-clKiminobutane. Nitric acid and PjO., give 5-nitro-4-methyl- 
uracii, and this on reduction forms amino-methyl’i/xracil (p. 585). Permanganate 
produces S‘Oxy~methyl-uractl and then /^,^,$-tyioxy’‘m(tliyl~hydrouracil (methyl 
isodialuric acid). The latter, by further action of permanganate, is broken 
up into acetox.duric acid; but alkalis produce aceiyl glyoxyl urea (the urclde 
of o^-diketobutyric acid) which, with chromic acid, yields parabanic add 

(P- 575 )- 


NHCOCH 

I 

CO.NH.CCHj 


KH. 


CO^ 


CO 


CO.NH' 


NH.CO.COH 

I II 

CO.NHCOCH, 

NI'.CO.COH 

/I 

CO. NHCOCH, 



NH.CO.C(OH), 

I i 

CO.NH,C(OH)CH, 


NH.CO.COOH 

I 

CO.NH.COOH, 
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This series of oxidations and transformations probably represents the alkaline 
oxidation reactions of uric acid and its derivatives (comp, scheme, p. 583, and 
A. S 33 , 144). * 

Methylation of 4-methyl uracil by means of KOH and iodomethane 
produces 4-dimethyl uracil, m.p. 22”, i,4‘dimetkyl uracil, m.p. 262", and 
1,^,4-frimcihyl uractl, mp. ni® (A. 848 , 133, etc.). 

Fuither uracil derivatives are obtain^ as intermediate compounds during 
the synthesis of uric acid (pp. 5 ^ 5 ^ 


UREIDES OR CARBAMIDES OF DICARBOXYLIC ACIDS 


The most important members of this class are parabanic acid and 
alloxan. They were first obtained by oxidizing uric acid with nitric 
acid. These cyclic ureides by moderated action of alkalis or alkali 
earths are hydrolyzed and become “ ur "-acids. When the action of 
the alkalis is energetic, the products are urea and dicarboxylic acids 
—e.g. ; 


CO—NH 


io—NH' 


\co 


Oxalyl Ou'a 
Parabamc Aad. 


H2O CO,H NHjv HiO 

-■> 1 >CO -> 

Ba(OH), io-NH^ (KOH) 

Oxalunc 

Acid. 



Oxalic Carbamide. 

Acid. Urea. 


Ozalyl Urea, Parabanic Acid, co<^ I > m.p. 243° witli decom- 

CO 

position, is pioduced by the oxidation of uric acid and alloxan with 
ordinary‘nitdc acid (A. 182, 74); by the treatment ot hydantoin 
(p. 442) with bromine and water (A. 333,115) ; and, spithetically, by 
the action of POCI3 on a mixture of urea and oxalic acid; or by 
heating oxamido and diphenyl carbonate CO(OCeH5)2 together at 
240° (C. 1900, I. 107). It is soluble in water and alcohol, but not in 
ether. 

Its salts arc easily converted by water into oxalurates ; silver salt, C,N,OjAg,, 
is obtained as a crystalline precipitate. 

Oxalyl Methyl Urea, Mithyl l*ayal>amc Acid, C8H(CH,)N,Oa, m.p. i49'5®, is 
formed by boiling methyl uiic acid, or mctliyl alloxan, with nitric acid, or by 
treating thcobiomine with chromic acid mixture. It is soluble in ether. 

Oxalyl Dimethyl Urea, Vnuf'/hyl Parabanic Acid, Ckolestrophane, C,(CH,),- 
NjOj, m.p. 145°, b.p. 276®, IS obtained from dimethyl alloxan and theine by 
oxidation^ or by heating methyl iodide with silver parabanate. 

Oxaluric Acid, NH2CO.NHCO.CO2H. results from the action of alkali 
on parabanic acid. Free oxaluric acid is a crystalline powder, 
dissolving with difficulty. When boiled with alkalis or water, it 
decomposes into urea and oxalic acid ; heated to 200° with POCls, 
it is again changed into parabanic acid. 

The ammonium salt, CaH,Na04NH4, and the silver salt, C,H,Nj|04Ag, crystal¬ 
lize in glistening needles. 

The ethyl ester, C,Ha(C,H4)N,04, m.p. 177®., is formed by the action of ethyl 
iodide on the silver salt, and has been synthetically prepared by allowing ethy) 
oxalyl chloride to act on urea. 

Oxaluramlde, Oxalan, NHaCO.NHCOCONH,, is produced on heating ethyl 
pxalurate with ammonia, and by fusing urea with ethyl oxamate. 
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' yNHCO 

Oialyl Gaanldine^ HN:C^ I , is formed from oxalic ester and guanidine 

(B. 26 . 2552 : 27 , R. 164). ^NHCO 

(I) (6) 

Malony] Urea, Barbituric Acid, (3) ( 5 ), is obtained from 

alloxantin by heating it with concentrated ^sulphuric acid, and from dibromo- 
barbituric acid by the action of sodium amalgam. It may be synthetically 
obtained by heating malomc acid and urea to 100® with POCl,, or by boiling 
urea and sodium malomc ester together in alcoholic solution (B. 87 , 3657). It 
crystallizes with two molecules of water in large prisms from a hot solution, and 
when boiled with alkalis is decomposed into malonic acid and urea. Electrolytic 
reduction converts it into hydrouracil and trimcthylene urea (pp. 441, 444). 

The hydroi’cii of CH^ in malonyl urea, as in malonic ester, can be readily 
replaced by bromine, NO^, and the isonitroso-group. It forms metallic salts (B. 
14 ,1643 ; 15 , 2840). 

When silver nitrate is added to an ammoniacal solution of barbituric acid, a 


white silver salt, C^HiAg^NiO,, is precipitated. 

Malonyl D%methyl Urea, i,yDtmethyl Barbituric Acid, CHa[CON(CHj)]jCO, 
m.p. 123®, and Malonyl Diethyl Urea, m.p. 52®, are fo<‘med from malonic acid, 
POCI3, and the respective di-alkyl urea (B. 27 , 3084 ; 30 , 1815)- 

G-Imino^isobarbituric Acid, 4-Aminouracil, is ob¬ 


tained in the form of needles which, when heated, foim cyanacctic ester, 
sodium ethoxidc, and urea. During the reaction cyanacclyl urea, CN.CHjCO.- 
NI 1 C 0 NH|, is formed as an intermediate product, which can also be prepared 
from cyanacctic acid, urea, and i'OCl, or (CHsCOjjO. ()~/miHo-2-thio-barbituric 
Acid, CH,[CaO(NH)](NH,)CS, is produced from cyanacctic ester and thiourea; 
guanidine and this latter body form 6,2~Diiminobarbituric Actd, CHs(3C|ONH)- 
(NH),C: NH. These substances are decomposed by dilute acids into ammonia, 
barbituric acid, and 2-Thiobarbtturic Acid, Malonyl Tkwurca, CH*(C 0 N 1 I),CS, 
and z^lminobarbituric Acid, Malonyl Guanidine, CHj(CONH)3C: NH, respectively. 
These compounds arc directly produced from malonic ester and thiourea or 
guanidine (A. 340 , 312 ; B. 28 , 2553). 2,^,^-TriitninQharhiturtc Acid, 2,4,6- 
Triamtnopyrimidine, CHj[C(NH).NH]jC: NH, is formed from malonic nitrile 
and guanidine (B. 37 , 4545). 4,4,b-Trichloropyrimtdtne, Cll 4 (C.C 1 .N)^CC 1 , 
b.p. 213®, is formed from barbituric acid and POCI3 at 130-145® (B. 87 , 3O57I* 
It can be converted into uracil (p. 573). 


C-Alkylated Barbituric Acids, 

These compounds have been minutely studied on account of some 
of their number acting as valuble saporifics, e,g, C-dicthyl barbituric 
acid (Veronal) and C-dipropyl barbituric acid. 


Methods oj formation. 

(1) Alkylation (by the action of iodomctliane on the silver salt of barbituric 
acid) only produces directly C-dimethyl barbituric acid. 

(2) Malonyl guanidine (see above) is more conveniently alkylated, and the 
mono- and di-alkyl malonyl guanidines which are produced arc converted into 
mono- and di-alkyl malonyl ureas when heated witli acid (C. 1906, II. 1465). 

(3) Condensation may occur between monomalonyl chloride (or, better, 
the malonic ester), monocyanacetic ester or mono-alkyl mnlononitrile with 
urea, thiourea, guanidine, or dicyandiamide, with or without the help of sodium 
alcoitolate; C-mono-alkyl barbituric acid or its tliio- and imino-derivatives (sw 
above) are formed, which, on hydrolysis, yield the barbituric acids. The di- 
alkyl compounds produce the respective barbituric acid (A. 835 , 334 *, 840 , 
310 ; 359 , 145 ; C. 1906. 1 . 514 ; II. 1465 ; 1695. etc.): 


w<sa!>“- 





t 
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(4) DteUkyl Mahfimic Actds^ such' as Diethyl Malonurie Adds, HOOC.C- 
(C|H«)a CO NHCONHt. in*p- with decomposition, Dtpropyl Mahnurte Actd, 

m p. 147** with decomposition, are formed from the malonic acid, urea, and 
fummg sulphunc acid. They readily decompose into COg and dimethyl aceto- 
urea, the mtrtles, on the other hand, such as NC C(CsH|)g.CO NHCONHg 
(which 19 produced from alkyl cyanacetic ester, NaOR, and urea at ordinary 
temperatures) easily condense to cyclic compounds Similarly, Diethyl MaUm^ 
Urethane, (C|Hs)tC(CONHCOOCaH,)a, is formed fiom diethyl malonyl chlonde 
and two molecules of urethane, it is readily converted into diethyl barbituric 
acid by ONa (C 1906, II 574) 

O-Mcno nethyl Barbituric Acid, CH«CH(CONH)tCO, mp 203^ (B. 88> 3394) 
C-Ethyl Barbituric Acid, m p 190**, unlike barbituric acid itself, is easily ethylated 
by lodoethane and alkalis to veronal C-Piopyl Barbituric Acid, mp aob"*. 
Olsopropyl Barbituric Acid, m p 216® 

C^Dimethyl Barbituric Acid, (CH,),C(CONH),CO, mp 279®, ib also obtained 
from dimethyl malomc acid urea and POCI9 , but if t^s treatment be applied 
to tile homologucs, only di>alkyl acetoureas, R^CHCO NHCONHa, are pro¬ 
duced These acids yield stable di-sodium salts, whilst the homologous di- 
alkyl barbituric acids only give easily hydrolyzed mono-sodium salts. 

C-Dlethyl Barbituric^Acid, Veronal, ^CsHb),C(CONH)«CO, mp. 2x2*, has a 
bitter taste, and acts as a soporific It cryst lUizes from hot water in the form 
of colourless spear-shape cryst ils, and is easily soluble in alkalis and ammonia 
Ihioveronal, Diethyl Malonyl Thiourea, (C,ll,)aC(CONH)aCS, m p 180®, when 
heated with aniline and phenvlhydiazine exchanges S for the groups NCaHa 
and NNHCaHg Reduction with sodium amalgam produces di-ethyl malon- 
aimde, Diethyl Malonyl Methylene Diamine or Desoxyveronal, 

(C*He)tC(CONlf)tCHt, m p 293®, and other substances (A 859 , 154). 

Tartronyl Urea, Dialunc Acid, CO<^JJ^q>CH OH, is formed by the re¬ 
duction of mesoxalyl urea (alloxan) with ammonium sulphide or with zinc 
and hydrpchlonc acid, and fiom dibromobarbituric acid by the action of hydrogen 
sulphide On adding hydroev inic acid and potassium ciibonate to an aqueous 
solution of alloxan, potassium dialurate separates but potassium oxalurate 
remains dissolved 

2C4H,N,O4-r2K0H=.C4H,KN,O4-hC,H,KN 04^-00. 

PoiAastuii DMluiate Pulassiui 1 Oxalurate 

Isodialuric Acid isomeric with dialuiic acid, is piepared from ozyuracil 
(p 5^5) ^iid bromine water , bases easily convert it into dialunc acid, 

^ ^g>CHOH. 

Isodialunc acid is diflcrentiated from dialunc acid by its more ready oxidation 
(A 315 , 246) 

Dialunc* and cryst ilhzis in needles or prisms, shows a very acid reaction, 
and forms salts with 1 and 2 equivalents of the metals (A 344 , x). It becomes 
red in colour in the air, absoibs oxygen and passes into alloxantm. 

2C4H4N,04-|-0=C,H4N40,+2H,0 

Acetyl Dialuric Acid, CHaCOOCH(CONH)jCO (?), mp 2ix*, is prepared 
from dialunc acid and acetic anhydride It combines with alloxan to form 
acetyl-alloxantin. 

Tartronyl Dimethyl Urea, HOCH[CON(CH4)]4CO, mp 170® with decom¬ 
position (B 27 , 3082) 

Hitromalonyl Urea, Nltrobarblturlo Aeld, DlUturlo Acid: 

GO<^j[*^°>CHNO,. or CO<^ §^C:NOOH (C 1897, H 266), 

s 

is obtamed by the action of fuming nitnc acid on barbitunc acid and by thU 
oxidation of violuric acid (B 16 , 1x35) It crystallizes with three molecules 
of water and can exchange three hydrogen atoms for metals. Nitromahnyl 
Dimethyl Urea, m.p. 148® (B. 28 , R 321). 

YOI^ I. 


a r 
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Amiiiomalonyl Urea, AminobarbUuric Acid, Uramil, Dialuramide, Murexan, 

obtained in the reduction of nitro- and isonitroso- 

barbitiiric acid, and also alloxan phenylhydrazone with hydriodic acid; by 
boiling thionuric acid with water, and by boiling alloxantin with an ammonium 
chloride solution. Alloxan remains in solution, whil>t uramil crystallizes out. 
Uramil, together with alloxan, is formed in the decomposition of murexide and 
purpuric acid; also, when ammonium dialurate is heated (A. 338 , 71). It is 
only slightly soluble in hot water, and crystallizes in colourless, shining needles, 
which redden on exposure. 

Uramil dissolves in alkalis, forming salts, but prolonged action of alkalis 
causes decomposition into urea and aminomalonic acid, and other bodies (A. 
333 f 77). When a solution of uramil is boiled with ammonia, murexide (p. 580) 
is formed. Nitric acid converts uramil into alloxan. Oxidation with perman¬ 
ganate (A. 333 , 91 )' Acetyl Uramil, CH^CO.NHCHCCONHlgCO, is obtained 
from uramil and acetic anhydride ; its metallic salts form well-defined crystals. 

Thionuric Actd, Sulphaminoharbitunc Acid, H 08 S.NH.CU(C 0 NH),C 0 , 
and alkyl thio^niric acids are obtained as ammonium salts from alloxan or violuric 
acid (below); or from alkylated alloxans and ammonium sulphite; or methyl 
ammonium sulphite. They are decomposed by acids .into sulphuric acid and 
uramil or alkyl uramil. Dimethyl ammonium sulphite and alloxan yield a true 
bisulphite compound (see p. 579), which is decomposed into its components 
by acids (A. 333 , 93). 

Alkyl Uramils. 

In order to define the position of the alkyl groups the carbon and nitrogen 
atoms of uramil afe numbered from z to 7, as is the uric acid (or purine) ring 
(P- 803): , 6 

XT_ C ^ ^ 

3 4 

^-Methyl Uramil, CO(NHCO)aCH.NHCH,; 1.3-Diwf/Ay/Uraw*/, CO[N(CH,)- 
COjjCHNH,; i,-^,j-Trimethyl Uramil are obtained from the corresponding 
thio'iuric acids (see above); the Dimethyl Uramil is also produced by methy¬ 
lating uramil. Dibarbituryl Methylamine, CIIjN[CH(CONH)jCO]„ decomposes 
at 280*^, is formed from alloxantin and methylamine hydrochloride (J. pr. Ch, 
[2] 73 , 47j). 

^-Methyl Uramil, CO(NHCO),C(CH3).NHj, m.p. 237®. and $-Ethyl Uramil, 
ra.p. 21O®, arc obtained from C-alkyl barbituric acid by bromination and the 
action of alcoholic ainmoaia (A. 335 , 359)' 

Pseudouric Acid, Carhamido-malonyl-urea, CO<^j|‘QQ>CH.NHCONH,, is 

produced, as an ammonium salt, from uramil and urea at 180^; as a potassium 
salt from uramil or murexide and potassium cyanate. 

y-Mononiethyl Pseudouric Acid: i.yDimelhyl Pseudouric Acid; 1,3,7- 
Trimethyl Pseudouric Acid; i,^-Diethyl Pseudouric Acid are prepared from 
the coTesponding alkyl uramils and potassium cyanate. When heated with 
oxalic acid to 150®, or when boiled with hydrochloric acid, they change into the 
corresponding uric acids (B. 30 , 559 . 1823). 

Phenyl Pseudouric Acid, (C4HsOa).NHCONHC«H|, is prepared from uramil 
and phenyl cyanate (C. 1900, I. 806). 

Thlouramll, results when a solution of potassium 

urate is heated with ammonium sulphide to 155—160" (B. 28 , R. 909; A. 288 , 
157). It is a strong acid. Its solution imparts an orange colour to a pine chip. 
It gives the murexide test (p. 580). Nitric acid oxidizes it to sulphuric acid 

and alloxan. p-Thiopseudouric Acid. CO<^J^^®^>C.NHCO.NH,. ia ob- 

tained from thiouramil and potassium cyanate (A. 288 , 171). 

AUoxan, Mesoxalyl Urea, C0<nh!co>CO' ^ produced by the 
careful oxidation of uric acid, or alloxantin, with nitric acid, chlorine, 
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or bromine. Alloxan crystallizes from warm water in long, shining, 
rhombic prisms, with 4 molecules of H2O, the crystals having the 
formula: C0(NHC0)2C(0H)2+3H20. When exposed to the air they 
effloresce with separation of 3H2O. The last molecule of water is 
intimately combined (p. 562), as in mesoxalic acid, and does not escape 
until heated to 150®. 

Alloxan is easily soluble in water, has a very acid reaction, and possesses a 
disagreeable taste. The solution placed on the skin slowly stains it a purple 
red. Ferrous salts impart a deep indigo blue colour to the solution. When 
hydrocyanic acid and ammonia are added to the aqueous solution, the alloxan 
breaks down into CO*, dialuric acid, and oxaluramide (p. 575), which separates 
as a white precipitate (reaction for detection of alloxan). 

Alloxan is the parent substance for the prepaiation of numerous dunvatives 
{Baeyer, A. 127 , i, 199 ; 130 , 129), which have in part already received mention, 
and some of which will be discussed after alloxan. These genetic relationships 
are expressed in the following diagram: 

• (0 

CO<nS;co>COx -^ CO<N«;^g>CH O.C(OH)<§g;NH>CO 

fa) AUozac. f'^) Alloxantin. 


(“) co<g{{;gg>CHor 

, Dialuiir Acid. 

/Nil CO 
CO\ I 
\NH.CO 
Parabanir At id. 


(s) Bailiiluiic .\<id. ' l^Uiluur Aud. 

( 8 ) >i 

f-O <Nnc8>C = N ■ OH ^ CO<J}|} f O^CIINH, 
Violunc Acid. Uramil. 


NH.CO' 


(i) Reducing agents, e.g. hydnodic acid, SnClj, HjS, or Zn and hydrochloric 
acid, convert alloxan in the cold into alloxavitn (p. 5*0); {2) on warming, into 
dtalunc acid (p. 577). (3) Alloxantin digested tMth concentiated sulphuric acid 

becomes barbituric acid (p. 57O) : (4) fuming nitiic acid changes it to dtltiurtc 
acid; (5) and with potassium nitiitc it jncJds vwluric acid. (0) (7) Uramil 
results from the reduction ot dilituiic acid and violuiic acid. (8) Dilituric acid 
IS formed when violunc acid is oxidized. (9) Hydroxylamine con\cits alloxan 
into its oxime—violunc acid. (10) Boiling dilute nitric acid oxidizes alloxan 
to parabanic acid and CO,. 

The primary alkali sulphites unite with alloxan just as they do with mesoxalic 
acid, and crystalline compounds arc obtained, e.g, C4H,N,04.KliS0, + U,0, 
Pure alloxan can be preserved without undoigoing decomposition, but in the 
presence of even minute quantities of nitric acid it is converted into alloxantin. 
Alkalis or calcium or barium hydroxide change it to alloxanic acid, even when 
acting in the* cold. Its aqueous solution undeigoes a gradual decomposition 
(more rapid on heating) into alloxantin, parabanic acid, and CO,. 

Alloxan Phenylhydrazone, m.p. 284® (B. 24 , 4T40 ; 31 , 1972). 

Alloxan Semtearbazide (B. 80 , 131). Alloxan unites with aromatic amines 
to form dyes of quinonoid character (VoL II.) (A. 333 , ^ 0 ; J. pr. Ch. [2] 78 , 

'n=c.co.mii 

449). o-Phenylene diamine produces Alloxaxine, | | Sub- 

^N=CMMiO 

stances with an active CH,-group readily react with alloxan (A. 255 , 230, etc.). 

Methyl Alloxan, CO<^|^ ^.q>CO, is produced by the oxidation of 

methyl uric acid. 

Dimethyl Alloxan, CO[N(CHa).CO],CO, is produced when aqueous chlorine 
(from hydrochloric acid and KCIO,) acts on theine ; and by the careful oxidation 
of tetramethyl alloxantin (B. 27 , 3082). When it is boiled with nitric acid, 
methyl and dimethyl parabanic acid are formed. 

Diethyl Alloxan, B. 30 , 1814. 

Dibfomomalonyl U>t a, Dibromobarbituric Add, Br,C(CONH),CO, resuite when 
bromine acts on tobitunc acid, nitro-, amido- and isonitroso-barbituriq acldt. 
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Oxlmldomesoxalyl Urea, Isoniirosoharbituric Add, Violuric Add, CO(f^CO\- 
C:NOH, the oxime of alloxan, the first knowb ketoximc/' is obtained by the 
action of potassium nitrite on barbituric acid, and of hydroxylamine on 
alloxan. It unites with metals to form blue, violet, or yellow coloured salts 
(B. 82 , 1723). When heated with the alkalis, it breaks down into urea and 
isonitrosomaionic acid (p. 56^). Oximidotnesoxalyl Dimethyl Urea, m.p. 141* 
(B. 28 , 3142 ; R. 912). Diethyl Violunc Acid (B. 80 , 1816). 

AHoxaiilO Acid, Nfls.CO.NlI.CO.CO.COjH. If barium hydroxide solution 
be added to a warm solution of alloxan as long as the precipitate which forms 
continues to dissolve, barium alloxanate, C4HaNa05Ba-i-4Ha0, will separate 
out in needles when the solution cools. To obtain the free acid, the barium salt 
is decomposed with sulphuric acid and the liquid is evaporated at a temperature 
of 30—40 , whcieby mass of crystals is obtained. Water dissolves them easily. 
AUoxanic acid is a dibasic acid, inasmuch as both the hydrogen of carboxyl and 
of the imidc gioup can be replaced by metals. When the salts are boiled 
with water, they decompose into urea and mesoxalatcs (p. 562). 

SiureYdes.—^When the ureidcs, parabanic acid, alloxan and di¬ 
methyl alloxan are n'duccd, there is probably combination of the 
reduced with the still ujireduccd molecules (see Vol. II., Qiunhydrone), 
whereby the diureides, oxalantin, alloxantin and amalic acid are 
formed (comp. A. 333 , 63 ; 344 f, 17). 

Oxalantin, Leucoturic Acid, is obtained by the reduction of 

parabanic acid. 

AUoxantln, cO(NHCOjI;qcmr'°+ 3 *^*® reduciag 

alloxan with SnCl,, zinc and hydrochloric acid, or HjS in the cold; (2) by 
mixing solutions of alloxan and dialuric acid; (3) from uric acid and dilute 
nitric acid (A. 147 , 367); (4) from convicin, a substance occurring in broad 
beans, Victa faba minor, and in vetches, Vicia saftsa, when they arc 
heated with sulphuric or hydrochloric acid (B. 29 , 2106). It crystallizes 
from hot H ,0 in small, hard prisms with 3HjO and turns red in an atmo- 
spiiere containing ammonia. Its solution has an acid reaction; ferric chloride 
and ammonia give it a deep blue colour, and barium hydroxide solution 
piofhices a violet precipitate, which on boiling is converted into a mixture of 
baiium alloxanate and dialurate. On boiling alloxantin with dilute sulphuric 
acid, it changes into the ammonium salt of Hydurtlic Acid, C,H,N40*-f"2H*0. 
It combines with cyanamidc, forming Isouric Acid, NC.NlICH(CONH)>CO, which 
yields, uric acid when boiled with hydrochloric acid, and ythiopseudouric add, 
H,N.CS.NHCH(C0NH)4C0, when heated with ammonium sulphide (B. 88, 

3563)' 

Tetramethyl Alloxantin. Amalie Acid, Cg(CHa)4N407, is fomed by to 
action of nitric acid or chlorine water on thelne, or, better, by the reduction 
of dimctijyl alloxan (see above) with hydrogen sulphide (A. 216 , 258). 

Purpuric Acid, C4II4N4O5, is prepared from murexide (the salt of this 
acid) by passing hydrochloric acid gas into its solution in glacial acetic acid. 
It is an orange-red powder, which is immediately decomposed into alloxan and 
uramil by the action of water (J. pr. Ch. [2] 78 , 463)- 

Murexide, C4H4N405(NH4)+H*0 (structural formula, sec below), is to 
ammonium salt of purpuric acid. It is formed (x) from alloxantin and ammoniom 
acetate and carbonate when they are heated; (2) by mixing alloxan and uramil 
in ammoniacal solution ; (3) by careful oxidation of uric acid with dilute niMc 
acid (see above. Alloxantin) and adding ammonia to the residue on evaporation 
(murexide reaction, C. 1808, I. 665; A. 888, 28). It forms tables or prisms of 
a gold-green colour, which dissolve in water to a purple-red coloured solution. 
Sodium Purpurate, CjH4N40,Na-f HjO, is formed from murexide and sodium 
chloride; potassium purpurate alw from the di-potassium salt of uramil and 
iodine. 

Hydrochloric acid decomposes murexide partially into uramil and alloxan, 
and partly into ammonia and alloxantin. 1,3-Dimethyl uramil and alloa^, also 
x,3-(wethyl alloxan and uramil, give two difierent murexides, showing that 



URIC ACID 


S8i 

the molecule is an unsymmetiical one. 5-Alkyl uramils (p. 578) do not yield a 
mnrexide; 7-alkyl nramils lose alcohol and fonn salts oi a simple purpuric acid : 
therefore^ purpuric acid is considered to be &ci*barbitwyl tmtaoaUoxMt, and 
murexide, the ammonium salt to have the formula ; 

NH.CO.C—N=C(CONH),CO 
X II 

^NH -C.ONH 4 

(A. 833 ,22 ; C. 1904. II- 316: .J- pr- Ch. [2] 78 , 499). 

NH—CO 

Uric Acid, c.HiN.Oa.co C—NH\ is a white, crystalline, 

NH—C— 

sandy powder, discovered by Scheele in 1776, in urinary calculi. It 
occurs in the fluids of the muscles, in the blood and in the urine, 
especially of the carnivorae, whilst that of the herbivorae contains 
mostly hippuric acid ;• also, in the excrements of birds (guano), reptiles, 
and insects. When urine is exposed for a while to the air, uric acid 
separates ; this also occurs in the organism (formation of gravel and 
joint concretions) in certain abnormal conditions. 

History (B. 82 ,435 ).—Liebig and Wohler (1826) showed that numerous deriva¬ 
tives could be obtained from unc acid. Their relationships and constitution 
were chiefly explained by Baeyer m 1863 and 1804. In consequence of certain 
experiments of A. Strecker, Methtus {1875) proposed the structural formula 
given above for the acid. This was conclusively proved by E, JPischer in his 
investigatioa of the methylated uric acids. 

The results derived from analysis were confirmed by the synthesis 
made in 1888 by R, Behrend and 0 , Roosen, who proceeded from 
acetoacctic ester and urea (p. 585). Horbaezewski (1882-1887) 
previously made syntheses of uric acid at elevated temperatures, but 
obtained poor yields. They consisted in melting together gljxocoU, 
trichlorolactamide, etc., with urea. No clue as to the constitution of 
the acid could be deduced from these. In 1895 E, Fischer and Lorenz 
Ach showed how pseudounc acid (p, 578), previously synthesized 
by A. Baeyer, could, by fusion with oxalic acid, be converted into 
uric acid. * 

Preparation. —Uric acid is best prepared from guano or the 
excremdhts of reptiles. 

Properties. —Uric acid is a shining, white powder. It is odourless 
and tasteless, insoluble in alcohol and ether, and dissolves with 
difficulty in water; i part requires 88,000 parts of water at 18® (C. 
1900, II. 42) for its solution, and 1800 parts at 100°. Its solution 
remains long supersaturated. Its solubility is increased by the 
presence of salts like sodium phosphate and borate. Water precipi¬ 
tates it from its solution in concentrated sulphuric acid (B, 84 , 263) 
On evaporating uric acid to dryness vrith nitric acid, a yellow residue is 
obtained, which assumes a purple-red colour if moistened with ammonia, ^ 
or violet with potassium or sodium hydroxides (murexide reaction 
p, 380). When heated, uric acid decomposes into NHj, CO2, urea and 
cyanuric acid. The action of cliloride and oxychlonde of phosphorus 
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on uric add and alkyl uric acids is of special importance in the chemistry 
of the uric acid group. The reaction is Comparable to the conversion 
of acid amides into imidochlorides. The resulting compounds are 
highly reactive, whereby the chlorine can be exchanged for alkoxyl, 
hydroxyl, hydrosulphyl, the amino-group, iodine, and sometimes also 
hydrogen. The intcr-conncction between the members of the uric 
acid group can be elucidated by these chemical changes (B. 

82, 445)- 

Carbon disulphide, when heated under pressure with uric acid, 

NH.CO.CNHv 

forms with it Thioxanthine | || ^SH, which also results when 

CO.NHC— 

y-thiopscudouric acid (p. 5^0) is boiled with mineral acids (C. 
1902, I. 548 ; B. 34 , 2563). Wlien heated with ammonium sulphide 
urea is converted into thiouramil (p. 578). Electrolytic reduction in 

/NH.CH,.CH.NHv 

sulphuric acid solution produces Purone COC. | yco (?) 

\nH-CH.NH^ 

a neutral body, together with the isomeric isopurone, soluble in alkalis 
and acids, which can also be produced bv the translormation of purone, 
and also tctrahydrouric acid, C5H8N40;|. Similar products are also 
obtained from the methylated uric acids (below) (B. 34 , 258). Form¬ 
aldehyde unites witli uric acid to form mono- and di-formaldehyde uric 
acid (A. 299 , 340). 

Salts, —Uric acid is a weak dibasic acid. It forms hydrogen salts 
with the alkali carbonates. The normal alkali salts are obtained 
by dissolving the acid in potassium or sodium hydroxide. When 
CO2 is conducted through the alkaline solution, the primary salts 
are precipitated. 


The5^7//, CjH^N^OjK, dissolves in 800 parts of water at 20®; the 
sodium and ammonium sails art* more insohibK ; lilhium salt (Lipowitx) 
is much more soluble (in 308 paits of water at iq°) (A. 122 , 241), h<nce 
lithium mineral waters arc used in such diseases wlnu tlaic is an ('ccessivc 
secretion of uric acid. This salt is, however, greatly suiims < d by the piperazine 

salt, (Finzelberg), which dissolves in 50 parts 

of water at 17° (B. 23 , 3718). Thu Ivsidine or the methyl glyoxaltdine salt (Laden- 
burg) is ev( n more soluble (one pait in 6 parts of water ; U. 27 , 2952). 

Methyl Uric Acids (B. 32 , 2721; A. 309 , 2O0).—The four hydrogen atoms 
in uric acid can be replaced by methyl. In all mi thyl uric acids, including 
tetramethyl uiic acid, the methyl groups are linked to nitrogen; this‘, in con¬ 
junction with the decompositions and synthesis of uric acid, argues for formula I., 
without, however, in the light of our present representations, excluding formulae 
such as 11. (comp, below, the isomeric 3-methyl uric acids): 


Nil—CO 
I I 

I. CO C—NH>, 

I II yCO 
NH—C—NR/ 


N==C.OH 

I I 

II. IIO.C C- NH 

II II >C.OH, 

N -C- 




To indicate the position of the methyl groups in the methyl uric acids and 
the constitution of other bodies containing the same hetero-twin ring, E, Fischer 
suggested that the carbon and nitrogen atoms of the nucleus coAtained in uric 
acid and bodies related to it be numbered, and that the hydrogen compound 
of the nucleus, C1N4, which could have two formula:, should be called ** purine '* 
(from purutn and uricum) .* 


o 
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t % 


N 

c 

1 

1 7 

C* 

sC-N 8 


1 >C 

N — 

— C-N 

3 

4 9 


Nj-CH 

I I 

lie C-NH 


N*-CH 

I 1 

HC C-N 


II II 

N-C 


CH >CH. 

N-C-NH'' 

Furme (B. 32 , 449) > 


The methyl uric acids are obtained (i) by treatment of lead and potassium 
urates and methyl urates with iodomethanc ; (2) from the formaldehyde uric 
acid compound (p. 5f^2) by reduction (C. 1900. II. 459); (3) from the corresponding 
pseudouric acid (p. 57*^) through loss of water. Whilst formula I. for uric acid 
indicates the possibility of only four isomeric monomethyl uric acids, actually 
SIX are known, as well as six dimethyl unc acids, four trimethyl uric acids and 
one tetramethyl uric acid. 

g-Methyl Uric Acid {p) and yMethyl Uric Acid (a) are formed from uric acid. 
The former yicld-a alloxan, the latter methyl alloxan, when treated with nitric 
acid ; both are converted into glycocoll when heated with hydrochloric acid. 
y-Methvl Uric Acid (y) i% formed from 7-methyl pseudouric acid (p. 578). S-Metkyl 
Uric Actd, prepared from 1,4-dimcthyl uracil (A. 300 , z6o) and ^-methyl uric 
acid, prepared by methylating uric acid in a weak acetic acid solution are both 
(liffcient liom a-methyl uric acid, although they contain the methyl group in the 
3-position.. i-Methyl Uric Aad (c-) is also formed from monomethyl alloxan 
(B. 32 , 2721). The 3-mcthyI unc amides {a, 8. and J) when oxidized with per¬ 
manganate, give rise to the same a-methyl allantoin as it obtained from 9-methyl 
uric acid. Similarly, i - and 7-mcthyl uric acid yield the same ^-methyl allantoin, 
which can be explained by the assumption of the existence of a common, sym¬ 
metrical intermediate compound (A. 333 ,145); 

COOII 

I 

.NH-T CO.NH ,NH ~C-NHs .NH.C.CC -NH 

co< II I oco< I )COOCO< II i 

\N(CHj).f hH.CO-> ^N(CH,).C(OH).NH ^NlI.C.N(CH,).CO 


y' 

.NH- -CH-NH. 

CO I >CO 

'^N(CH,)(() H,n/ 

«-Metliy] Allantoin. 


.N(CHa).CH—NH. 

co< I >co 

^NH-CO H,N/ 




|B-Methyl Allantoin. 


COOH 


/N(gH3)C.CO.NH yN(CH3)-C NH 
CO< II I o CO^ ' 

^NH — C.NH.CO"^ "NH-- 


. vNH.C.CO.N.CHg 

>co o co<; II ( 

(‘(Olij.NH*^ \NH.C.NHC0 


^,g-Difneihyl Unc Add (a) is obtained fiom basic lead urate and iodomethane. 
y,g-Dimethyl Uric Acid (p) (B. 17 , 1780). i,yDitnethyl Uric Acid (y), is prepared 
from 1,3-dimethyl pseudouric acid (p. 57^); from 1,3-dimethjrl 4,5-diamino- 
uracil (see also Theophyliin, p. $90), ^,y-Difnethyl Uric Acid (8) islormed from 
7-methyl uric acki (see also Theobromine, p. 5 ^ 9 )- i,y-Dtmeihyl Unc Acid is 
produced from 1.7-Dimethyl Uric Acid, i,g~Dimethyl Unc Acid (B. 32 , /^04). 

7-Trimethyl Uric Acid, prepared from 1,3,7-trimcthyl pseudouric acid (a), 
is identical with hydroxycafleine (B. 80 , 507). ^,7,g-Trimethyl Unc Aad (a) is 
formed from 7.9-dimethyl uric acid. i,^,g‘Trimethyl Unc Aad is produced from 
1,3-dimethyl uric acid. i,y,g-Tnmethyl Unc Aad (B. 82 , 466). 

Tetramethyl Uric Acid is prepared from potassium trimethyl urate and iodo- 
metbane. Isomeric with it is methoxycaffefne, x,^,7-trimeihyl 2,6-dioxy-6-metkajfy» 
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^ftfM.'Vhich is prepared from bromo- or chloro-cafieine by the action ot sodium 
hydroxide in methyl aJcohol (B. 32 » 467). ^ 

Ph»nyl Vwic Acid is prepared from phenyl psendonric acid (p, 578) (C. 1900, 
1. 80O). 

Purina, m.p. 216®, is the fundamental compound of the uric acid 

group (p. 583). It cannot be obtained directly from uric acid, but is prepared by 
converting uric acid by FOCI, (p. 5^1) into trtchhropurine, which, with hydriodic 
acid at o**, gives 2,6-d%odopurine ; this, on reduction with zinc dust and water 
results in purine. 

Purine, like uric acid, can also be synthesized as follows:—synthetic 
methyl uracil is converted into 5-nitrouracil (p. 585): this, with POCltt yields 
2,4-dichloro»5-nitropyrimidinc (i), which with ammonia gives 2 chloro-4-amino>5- 
nitropyrimidine (2); reduction with hydriodic acid gives 4,5-diaminopyrimi- 
dine (3), of which the formyl-derivative (4), obtained by the action of formic 
acid, is decomposed when heated with water, when purine is formed: 


NH—CO 
do i—NHv 

I II >co 

NH—C.NH / 

Uric Aeid. 


C.C1 N—Cl N-CH 

-NHv —^CI-i-NHv —>CH O-NHv 

^CCl II II >CH II II >CH 

—N N—C—N—C- 

Tnchloropuriaa. DiioUopurine. Purioe. 


N 

I 

-CCl c 

II II 

N—C 


N«CH 

(I) I I 
CIC C NO,- 

II II 

N—CCl 


N=»CH 

( 2 ) I I 

CIC CNO, ~ 

II n 

N—C.NH, 


N-CH 

(3) I I 

lie CNH,- 

li II 

N«CNH, 


N«CH 

U) I I 

HC CNH.CHO 

II II 

N—CNH, 


Purine reacts simultaneously as an acid and as a strong base. It is easily soluble 
in water, and is stable towards oxidizing agents. 

Methyl Purines and other simple purine derivatives are obtained similarly 
(B. 81 , 2550 ; 89 , 250). 


. OXIDATION OF URIC ACID 

» 

Mesoxalyl urea or alloxan and oxalyl urea or parabanic acid 
are produced when uric acid is oxidized with nitric acid. When 
the acid is carefully oxidized either with cold nitric acid or with 
potassium cliloratc and hydrochloric acid, it 3aelds mesoxajyl urea 
and urea. Allantoin is produced when potassium permanganate, or 
iodine in potassium hydroxide, acts on the acid (B. 27 , R, 902). 
Hydrogen peroxide converts sodium urate into tetracarhonimide, 
C4H4N4O4, a weak tetrabasic acid (B. 34 , 4130). When air or potas* 
slum permanganate acts on the alkaline solution of uric acid (B. 27 , 
R. 887; 28 , R. 474), allantoin is formed together with uroxanic acid, 
diureidomalonic acid, CBH8N40e==(NH2C0NH)2C(C00H)2 (?) (comp. 
A, 833 , X51). From this all^li produces oxonic add, aminohydaftr 

CO.NH.C[NH,]COOH 

idn carboxylic add, C*H,N,o*«=| I (?). For the 

course of these oxidation reactions compare the scheme of oxida¬ 
tion of the methyl uric and to the methyl allantoins (p. 583), and of 
methyl uracil (p. 574). These reactions suggest the following diagram. 



cVtjTwttqt*; nir tiRTr. Ar ^5 

in which the breaking-down of alloxan and parabanic add is con¬ 
sidered : • 


KH— 

t!o i—NH 




R 


\ 


H—C-NJ '' 

Une Aad. 


1 ' C.H,N.O, 

Ufoiaaic A 

CjH.N,0. 
«Ozomc AeUL 


NHCHNHv 
I I >CX> 
CO C0.3 

AilftBtonu 


KH—CO 

do i:o 

> I I 

I NH—CO 
I Altoxia. 

NH, CO,t 
Y I I 
CO CO 


I 


Nil- > 

f I 

NH—CO 

Parabati o 



I’ I 

NH, CO. 


Ot 


KH—CO—NH 
leiracaiboumidfl. 


Uric add is the diurcide of the hypothetical body,CO=C(OH). 
CO2H, or C(0H)2=C(0H)—CO2H, the pseudo-foim of the half 
aldehyde of mesoxalic acid, CHO CO CO2H, (p. 545 ), ♦ 


SYNTHESIS OF URIC ACID* (l) FROM ACETOACETIC ESTER: (2) FROl 

MALONIC ACID : ( 3 ) CYANACETYL UREA 

• 

(i) From Aefltoaeetlo Ester: (i) Acetoacetic ester and urea unite to p-uramtdo 
crotomc ester When this is hydrolyzed with alkali it yields an acid which, in s 
free state, splits off water and becomes a cyclic ureide— methyl uracyl (2) Nitrii 
acid converts the latter into mirouracyl carboxylic acid, (3) whose potassium sal 
when boiled with water loses a molecule of carbon dioxide, and becomes convertec 
into the potassium salt of mtrouracyl (4) The reduction of the latter with tu 
and hydrochloric acid gives in part atninouracyl (A 309 ,256) and in part hydroxy 
uracyl or isobarbitunc acid. {5) Bromine water oxidizes the latter to isodialurii 
%cid, which when heated (6) with urea and sulphuric acid yields uric acid (A 251 
*35). 


COAH, 


CH. • 

codH, 

Accto/ce^ 

Ister. 


NH CO 

> CO CH 

I II 

NHCCH, 

MaIKvI ITrsrvI 


NH—C—CO 


> CO C—NO, 

I II 

COjt 


[—CO 

I 

^ CO C—NO, 


II 

NH—CH 


11c AUU 


NH—CO 

I { 

CO CNH, 

1 II 

NH—CH 

Ammouracyl 


NH—CO 

' ‘ i I 

► CO C- OF 

I II 

NH—CH 

Hydroxyuncyl 


(Isobarbitunc 

A 


NH—CO NH 

I I (6) I I 

CO C(OH), - CO 


NH—COH 




C—NH^, 

II 

r- NF 


(a) From Malonie AeW: (i) Urea and malonic acid yield malonyl nr^ 
which (2) nitrous acid converts into oximidomesoxalyl urea or violunc amd. 
(3) When the latter is reduced, aimdomalonyl urea or uranul results (4) This 
is fhsp g**^ bj^Jtassium cyanate into pseudounc acid. (5) On withdrawing water 
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from psfiitlouric acid by means of molten oxalic acid or boiling hydrochloric acid, 

urtc acid results ( 13 . 30 » 559): • 


CO,H 

CH, 


CO,H 

Maloiiic Acid. 


NIl.CO 

I I 

CO CHNH, 


NH.CO 

Uramil. 


(I) 


NH.CO 
CO cn, - 


(a) 


NH.CO 

italouyl Urea. 
( 3 ) 

Nil CO 


NH.CO 

I I 

" CO C:N.OH 
NH.CO 

Oxiniidomesosalyl 

Urea. 


Nii.ro 


(4) 


(5) 


—CO CHNH.CONH,-^ CO C.NHv 

I I .CO. 

NH.CO NH.r.NH; 

{’^‘udoiiric Arid. Uiic .\cid. 


Since alloxan and dimethyl alloxan yield methylated pseudouric acids, methy¬ 
lated uric acidi. can aUo be synthesized in this way. ^ 

(3) From Cyaiiacctvl Urea: Urea and cyanacetic acid arc condensed to (i) 
cyanacetyl urt'a, and this to (2) 4-aminouracil or 4-amino-2,6-dioxypyrimidinc 
(C. 1900, II. 151)0 : 1 !. 41 , 532)- This, with nitrous acid, gives (3) a nitroso-com- 
pound whidi, with ammonium sulpliidc. is reduced to (4) 4,5-diaminouracil. 
The diamine le.'cts with chlorocarhonic ester and aqufous sodium hydroxide to 
form (5) a uietliane, the sodium compound of which when lieatctl to 180-190® is 
converted into (0) sodium urate (\V. I'raube, B. 88, 3035 ; . 331 , o^): 


NH—CO 

I I 

CO CH, 


NH, ('N 

Cyanutriyl Uica. 

NH—CO 


CO CNH\ 
NH—CNII^ 

Uric AckI. 


(I) 


>CO 


( 5 ) 


NH—CO 


NH~CO 

1 1 

CO CH 

( 2 ) 

-> 

CO C.NO 

1 il 


1 11 

NH—C.NH, 

4‘ARUtlUUT.i( il. 


NH—C.NH, 

NH—CO 


N H~CO 

1 1 

( 4 ) 

1 II 

CO C.NIlCOuR 

- 

CO C.NH, 

1 II 


1 l| 

NH—C.NH, 


N'T- -C.NH, 

4 ,S-l>iuniuouracil. 


This synthesis can be generally employed, with the follo\Mng modificaf ions:— 

(1) Replacement of the urea by methylated ureas in the condensation with 
cyanacetic acid to obtain methylated uric aetds. 

(2) Replacement of the chlorocarhonic ester by formic acid ; formyl diamino- 
uracil is formed, the sodium compound of which, on being heatnl, yielti xanthine 
or methylated xanthines (p. 5-S7). 

(3) Condensation of guanidine, instead of urea, with cyanacetic acid to form 
2,4,6-diamino-oxypynnndine; this is ultimately transformed into guanine (p. 587). 

(4) Condensation of cyanacetic acid with thiourea to form 2-thio-4-amino- 
6-oxypyrimidine. I'his is converted into thio-oxypurine which, wlien oxidized by 
nitric acid, yields sulphuric acid and hypoxantkine (p. 5*^^)- 

(5) Condensation of malonic nitrile with thiourea to form 2-thio-4,6-diamino- 
pyrimidine (b low), which, analogously to the above, is conv'ited through its 
nitrous compound into 2-thio-4,5,6-triaminopyrimidinc (2), of which the potassium 
salt of the formyl-compound, when heated yields 2-thio-O-aminopurine (3); oxida¬ 
tion with HgOi produces sulphuric acid and adenine (4); 


N«CNH, 


(I) HSC CH-> (2) HSC 

“ “ II II 

N—C.NH, N—CNH, 


N=CNH, N—CNH, N=C.NH, 

II II II 

CNH,-^(3)HSC CNHv. -^(4)HC CNHv 

II II II II II N 


N—C— 

TbioaminopuriDe. 


II II ^CH 

—r—Tsi^ 


N 


C—N' 

Adenine. 
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Xanthine Group. —Guanine, xanthine, hjrpoxanthine, and adenine stand in 
close relation to uric acid. Like^it, they occur as products of the metabolism of the 
animal organism, and are most easily produced from nytcUlnic acids (p. 573) by 
boiling them with water (comp. B. 37 , 708). Xanthine and hypoxanthine occur 
in the extract of tea. Bodies of the xanthine group are found in the juice of the 
sugar beet (B. 29 , 2645). 


HN—CO 

I I 

CO C—NHv 

I II >CH 

HN—C- 

Xauthine. 


HN—CO 


CH C—NH. 




""CH 


N—C-> N 

Hypoxantbme. 




HN—CO 

I I 

HN:C C—NH 


I II 

hn—C— 

Guanine, 

HN—C:NH 




NHs 


CH C 

II II 

N—C - N 

Adenine. 


/ 


CH 


Guanine is chan<^e(^ into xanthine by the action of nitrous acid and yields 
guanidine on decomposition (p. 455). It is, thrrofore, to be regarded as being 
xanthine in which a guanidim* residue takes the place of a urea residue, i.e. the 
oxygen ot a CO-gioup is replaced by NIL Adrmne stands in similar relation to 
hypoxanthine as guai.inc to xanthine, in that its conversion into hypoxanthine 
is brought about by nitrous acid. 


'( CONVERSION OF URIC ACID INTO XANTHINE, GUANINE, 

HYPOXANTHINE AND ADENINE 


Potassium urate and phosphorus oxychloride produce S-oxy-2,6‘dichloropurine, 
which on further treatment with phosphorus oxychloiide yields 2, 6, 8 -trichloro~ 
purtne, m.p. 188*^. The latter is a weak acid, and gives, on methylatioa, a 
mixture of the two isomeric forms of methyl trichloropurine. 


NH—CO 

I I 

CO C—NH^ 


N=C.C1 


N-CCl 


(«) 


>co 


NH -C—Nil 

Uiit AoU. 


(1) 


N=CNH 

I I • 

CCl C—Np, 

.. .. ' 1 
N—C— N 
Dicbloroadeuioe. 




'(4) 
N-CNH, 

I I 

CHC—NH 

II II ^CH 

N—C' -N 


?-C.Cl r—NHs - 

II ' >co 

N— t iN 11^ 

8 *0xy-a 6 <'i hloiopurine. 

( 5 ) 


(a) 


> C.Cl C -NH 


'CCl 


(• 




Tiirliti (' I <iii ic 

Mi (9) 


y 

Nil-CO 


( 7 ) 


CCl C Nil HjNC 
\CC1 


N-c-N 

DicblorohypoKaathloe. 

( 5)1 

NH—CO 

I I 

CH C—NHv 

>CH 

N-c 

Bypo>«8lhlat. 


NH—CO 

I 

C—NH. 
N- 


N=COC,H, 

I I 

C,HjOC C—NH 

;ca .. :a 

C-N^ N-C-N* 

Cbloroguaumo. i,6*Djcthoxy> 8‘Chlon>* 

punoe( m.p. 109*)» 

^(S) '[{10) 

NH—CO NH—CO 


CO 6* NH 


H,N.C C—NHv 

11 - L 


SualBt. 


NH— 

ZftSihlM. 


>a 

r — 


The chlorine atoms 2 and 6 are easily substituted in the presence of alkalis by 
OH, CjHjO, and NH,; but in the 8-position the chlorine atom can be replaced by 
fuming hydrochloric acid, but not by alkalis. On this behaviour is based the 
synthesis of xanthine, guanine, hypoxanthine and adenine (B. 80 ,2220, 2226). 
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Uric acid is (x) acted on by POCI3 to fonn ^^oMy~Zt&~iichloropufin$, and is 
similar!^ (2) converted into trichloropurine. The latter^ with aqueous ammonia 
at too** gives (3) diMoradenine, wiiii aqueous KOH at *100^ (5) dichlotohypo- 
sfanthine, and with sodium ethoxide (9)> 2,6-ditneihoxy~S-chloropurine, These 
three substances, when reduced with hydriodic acid yield (4) adinine, (6) hypo^ 
xanthine, and (10) xanthine. Further, dichlorohypoxanthinc and alcoholic 
ammonia (7) yield chloroguanine, and this, with hydriodic acid, (8) guanine. 

For the sjmthetic preparation of these four substances see p. 586. scheme 3» 
for the synthesis of uric acid. 

Xanthine and the methylated xanthines (p. 589) are reduced electrolytically 
m sulphuric acid solution, whereby the oxygen atom in position 6 is replaced by 
two hydrogen atoms to form the d« 5 ( 7 ;ry-compound, which easily loses two hydrogen 
atoms by oxidation to form oxypurine. Similarly, guanine yields desoxyguanine 
and this 2-ainfno^«rin^, similarly with adenine {Tafel^ B. 33 ,3369; 84 , X165): 


NH.CO.C.NHv 4H NH.CH3.C.NHV 

I II >CH —I II ycH 

CO.NH.C— 


Xanthine. 


CO.NH.C—N'^ 

Desoxyxantbine. 


O N:CH—C.NH. 

CO.NH.C— 

2-0xy^UTi:iv: (isomeric with 


\cH 

r/'’ 


iiypoxanthine). 


Desoxyxantbine, desoxyketeroxanthine, and desoxyparaxanthine are decomposed 
by acids into CO„ NH, and amino-methyl-imidazolonc : 


NK.CO.c:.NR\ allaO NUK.CO.CH.NRv 

I M \CH -^ I .r 

rn — 


CO.NH.C— 


H+COa+NH,; 


whilst desoxytheophylline and desoxycaffeine, xanthines, in which the methyl 
group occupies the 3-position, are far more stable (B. 41 , 2546). 

Xanthine, 2,6-Dioxypurine, CaN4H40a (constitutional formula, above), occurs 
in small quantities in animal secretions, such as urine, blood, the liver, and some¬ 
times in urinary calculi; it is found, also, in extract of tea. It is prepared by 
the action of nitrous acid on guanine in sulphuric acid solution (B. 32 , 46S); also, 
by heating the sodium salt of formyl-4,5-dianiinouracil (p. 58b) to 220®. It 
forms a white amoq^hous mass, which is somewhat soluble in boiling water, and 
combines with both acids and alkalis, ltdissolves easily in boiling ammonia, from 
a solution in which silver nitrate precipitates a compound, C4H3AgsN40|+H,0. 
The corresponding lead compound is converted into theobromine (dimethyl 
xanthine) when heated with iodomethane at 100®. Methylation in alkaline 
aqueous solutions produces caffeine. Wlien heated with potassium chlorate and 
hydi'ochlo. ^ xid. xanthine (analogoubly to caffeine, p. s-jo) is broken down into 
alloxciii and urea. 

CO.NH.C.NHv 

S^Thioxanihine, | || ^ 5 C, is formed when y-ihiopscudouric acid 

NU.CO.C.NH^ 

(p. 579) is heated ; and fro u 4,5-diaminouracil (p. 586), and carbon disulphide 
(C. 1903, II. So). 

Guanin''. 2-Amino~6-oxypurine, CgN^IIjO (constitutional formula, p*. 587), 
occurs in the pancreas of some aninialb, and particularly in »uano; also in the 
silvery mutter of the scales of bleak (connected with the dace), Albumus luci^s 
(C. 1898, I. X132). It is readily synthesized by converting cyanacetyl guanidihe 

^NH.CO.C.NH, 

(p. 586) into triamino oxypyrimidine, HgN.C^ || .and heating this 

-CNII* 

with formic acid (B. 38 ,1371). 

Guanine forms an amorphous powder, insoluble in water, alcohol and ether. 
It combines with one and two equivalents of acids forming crystalline salts, such 
as CSH3N4O.2HCI; and also with alkalis to form crystalline compounds. Silver 
nitrate precipitates a crystalline compound, CgH^NsO.AgNO,, from a nitric acid 
solution of the substance. Nitrous acid converts guanine into xanthine. Potas¬ 
sium chloride and hydrochloric acid decompose it into parabanic acid, guanidine 
and carbon dioxide (p. 45^)* 

ijyomoguuntne is formed from guanine and bromine. Fuming hydrochloric 
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add converts it into 2-i4M»'no-6,8-dfto;ryp«n'n0. Chloroguanine is prepared irom 
,dich]orohypoxanthine.and alcoholic ammonia. With hydiiodic acid it yields 
guanine. 

Hypoxanthlne, 6 ~Of(ypunne, C|N(H40 (constitutional formula p. 587) almost 
invariably accompanies xantli) ac in the animal o' gauism, and can be differentiated 
from it particularly by the slight solubility of its nydrochloridc. It forms needles, 
soluble with diihculty in water, but soluble in acids and alkalis, and in ammoniacal 
solution is precipitated by silver nitrate which forms CaHjAg^NiO-j-HtO. Di¬ 
methyl Hypoxanthine is decomposed when heated with hydrochloric acid into 
methylami’ie and sarcosine (p. 387) (B. 26 , 1914). The position of the oxygen 
atom is detvimmed by the transformation of adenine into hypoxantlunc by 
nitrous acid ; also by its formation from the decomposition of the synthetic 


2-thio-6-oxypuiine HSC^^ 


.NH.CO.C.Nli. 


II 

C- 


-N 




JCH. 


Adenine, t-Amtaopufinet CgNiH^ (constitutional formula, p. 587). m.p. 360- 
30&® with decoin;)Osition (B. 30 , 2242), is a polymer of hydrocyanic acid. 
J 1 is obtained fiom the pancreas ot cattle, and occurs in extract of tea. It 
crystalh/es wit*i 3 molecules of water in mother-of-pearl ciystals, w'hich lose water 
at 54® and turn white.* Nitrous acid converts it into hypoxanthine; hydrochloric 
acid at 180-220^ into glycocoli, ammonia, formic acid and carbon dioxide 
{Kossel, B. 23 , 225 ; 26 , 1914). The position of the amino-group is fixed by 
the connection of adenine with 6 ~amino~zfi-dioxyptmne through dichloradcninc ; 
fuming hydrochloiic acid converts dichloradcnine into 6-aminO’2,8-dioxypurine, 
which on decomposition does not yield guanidine, showing that the amino- 
group must be in the b-position and not in the 2 or 8. 

Synthesis of ademne from 2-thio-4,5,6-triaminopyrimidine (p. 587). The 
analogous foimation of purine derivatives still richer in nitrogen, such as 2-amino- 
adenine, CjN^naCNHj)^, from malonic nitrile, guanidine, etc., see B. 37 ,4544* 

Heteroxanihine,Theobromine, Paraxanthlno,Theophylline, Theine (or Caffeine), 
are all tnethyl derivatives of xanthine. 

Heteroxanthine, y-Methyl Xanthine, C4H4N40[7](CH3),occursiDsmaUquantities 
in urine, and is formed from theobromine by the loss of methyl. By methylation 
it is converted into caffeine; hydrochloric acid decompose it into sarcosine 
( 13 . 32 , 460). Electrolytic reduction produces desoxyheteroxanthine, which on 
oxidation forms y~methyl-2-oxypurtne (comp, p, 58S). The isomeric ymethyl 
xanthine is prepared from ^-methyl uric acid (p. 583), and also from cyanacetyl 
methyl urea, CN.CH,CO.NHCONH.CH„ as shown in diagram 3 of the uric acid 
synthesis (p. 586). 

Theobromine, ^,y-Dimethyl Xanthine, C5HjN40j[3,7](CH|), occurs in the cocoa 
beans of Theohroma cacao: it is artificially prepared by methylating xanthine 
(p. 588) or 3-methyl xanthine (B. 88,3050). 

Theobromine forms a bitter-tasting crystalline powder, slightly soluble in hot 
water and alcohol, but is fairly easily soluble in ammonia. It sublimes unchanged 
when^refully heated at 290'’. Its reaction is neutral, but it forms crystalline 
salts with acids, which are decomposed by excess of water. Its silver salt, 
CTH7AgN40s, and iodomethane produces caffeine. Electrolytic reduction pro¬ 
duces desoxytheobromine, which on oxidation yields 3,7-dimethyl-2-oxypurine 
(comp. p. 588). Theobromine on oxMation is converted into oxy-3,7-dimethyl 
uric acid (B. 81 , X450}; potassium chlorate and hydrochloric acid decompose it 
into monoethyl alloxan and monomethyl urea. The action of dry chlorine on 
theobromine (B. 30 ,2604). 

Theobromic Acid, C7H4N404. 

Pseudotheobromine is formed from the silver xanthine compound and iodo¬ 
methane (C. 1898, 1 . Z132). 

Paraxsnthlne, i,y-DimethylXanthine, CaHjN 40 ,ri, 7 ]{CHa)„ m.p. 289®, occurs’^ 
in urine (B. 18 , 3406). It is prepared from thebbromme by the removal of i 
methyl and its replacement in another position (see below for synthesis). It is 
obtained from z.y-dimethyl uric acid, as theobromine is from the 3,7-compoond 
(B. 38 ,47X). Methylation produces caffeine (B. 80 ,554). 
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SYNTHESIS OF HETEROXANTHINE, THEOBROMINE, AND PARAXANTHINE 


7-Methyl pseudouric acid yields 7-methyl uric acid, which by methylation 
gives 3,7 -dimethyl uric acid. I’OClj converts (i) 3,7-diinethyl uric acid into 
chlorothcobromine, which is reduced (2) by hydriodic acid to theobromine, 
and which is formed from theobromine (3) by iodine chloride. 

When theobromine is heated with POCI, and PCI, (4) it loses a methyl group 
and forms 7-methyl 2,6-dichloiopurine which with hot fuminj; hydrochloric acid 
gives heteroxanthine. If 7-mcthyl-2.6-dichloropurine is boiled with dilute aqueous 
sodium hydroxide, it is converted into 7-methyl-6-oxy-2-cliloropurine. If the 
potassium salt of this body i'' methylated (7), there is formed i, 7-dimethyl-6-oxy- 
2-chloropurine from which hot fuming hydrochloric acid produces (8) paraxanthine 
(B. 32 , 469), 


NH—CO 

io 1 


NH- CO 

CH, (i) I I CH, 
-N<r —> CO C—N< 

I II ^co I II >CC1 

CHaN— C—NH CH3N — C—N 

3-7*Dimcthyl Uiic Acid. Chlorotheobromine. 

( 6 ) 


( 3 ) 


(2) 


NH—CO N— CCi 

I 1 CH, (4) 1 I CH 

CO C--N^ —CCI C—N^' 

II II >CH 

M-C— 


I II 

CHjN-C—N i 

TheobromlBt. 


Cll, 


4 ^ 

NH—CO CH.N CO 

I I CH, (7) , I 

CCI C—N- CCI C—N<r 

1! II ^CH II II PCH 

N-C—N N-C—N 

7-Mclliyl (» oxv- j,7-Dimt thyl-6- 

3-cblotopurine. oxy-a-chloropurine. 




CH,N 


CH 


CO 

CO d— 

1 II 

NH—C—N 

fannoIhlB*. 


7 Methyl- 2,6-di- 
chlofujiurmc (m.p. 200}. 


I 


( 5 ) 


NH—CO 

I 

CO 


CH, 

C—NC 

I n >CH 

NH—(•- N 

HaUtonathlaa 

(m.p. 380®). 


The constitution ol 7-mcthyl-6-oxy-2-chloropurine is so assigned, because its 
reaction product with ammonia gives guanidine when oxidised with chlorine, so 
that it must be 7-methyl-t)-oxy-2-aminopurine. This establishes the constitution 
of hctcroxanthme. 

The product of methylating 7-methyl-6-oxy-2-chloropuiine can only have 
the second methyl group in thei-position, wherebythe i,7-po&ition of the methyl 
group in paraxantlnne is determined. 

Theophylline, \ ,yl)imethyl Xiinihtne, m p. 264®, was discovered in t 888 by 
Kos^elin tea extract. By the action of methyl iodide on silver theophylline he 
obtained caffeine (B 21,2164). Theo hyl'ine has been synihelically prepared 
from 1,3-or y-dimethyl uric acid by its conversion with rCl^ into chlorotheo- 
phylline, m.p. 300® with decomposition ; hydriodic acid reduces it to theophylline 
(£, Fischer, B. 30 , 553)- A shorter synthesis is from cyanacctyl dimethyl urea, 
CN.CH,.C0N(CH3)C0NH.CH3, in which, following diagram 3 of the uric acid 
synthesis (p. 5f^6), this body is converted into; i,j-dimcthyl 4,5-diaminouracil, 
of which Ihe formyl-compound (2) is converted into theophylline when warmed 
with alkalis (B. 33 , 3052; C. 1903, I. 370). 

CH,N—CO CH,N—CO CH,N—CO 

OC C—NH_ OC C—OC CNH.CHO 

CH,N-C-N>^“ CH,N-C-CH,N-C.NH. 

Caftelne, Coffeine, Theine, 1.3,7-7'rimrfAyi Xanthine, C,H|,N, 0 *, m.p. 239®, 
occurs in the leaves and beans of the coffee tree (o’s per cent.), in tea (2-4 per cent.), 
in Paraguay tea (from Ilex paraguayensis), in guarana (about 5 per cent.), the 
roasted pulp of the fruit of Paulhma sorbilis, and in the kola nuts (3 percent.). 
It is also found in minute quantities in cocoa. It is used in medicine as a nerve 
stimulant. 

Caffeine crystallizes with one molecule of water. It has a feeble bitter taste, 
and forms salte with the strong mineral acids, which are readily decomposed by 
water. On evaporating a solution of chlorine water containing traces of caffdne 
there remains a reddish-brown spot, which acquires a beautiful violet-red colour 
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when dissolved in aqueous ammonia. See also sarcosine (p. 387). Electrolytic 
reduction converts caffeine intoi)esoxycaffeine (comp, p, 588). ► 

Sodium hydroxide converts theine into caffeidine carboxylic acidt C7HL1N4O.- 
COaH, which readily decomposes into CO| and caffeidine, CfH, 1N4O (B. 16 » 2309), 
For other caffeine derivatives {apocaffeine, caffurtc acid, caffolin) see A. 215 , 261, 
and 228 , 141. 

Chlorine water breaks caffeine up into dimethyl alloxan and methyl urea 
(p. 579). Chlorine and bromine convert caffeine into Chlorocaffeine, m.p. z8o^, 
and Bromocaffeine, m.p. 206^. Zinc 'dust reduces both of tliem to caffeine; 
ammonia and bromocattcinc produce aminocaffeine, which behaves like an aromatic 
amine fVol. 11 .) in so far that it yields diazocaffeine with nitrous acid, which can 
be coupled to form caffeine diaxo- bodies (C. 1900, I. 407). Sodium methoxide 
converts chlorocaffeine into methoxycaffeine, m.p. 174®, which when heated to 
zoo° is converted into tctramethyl uric acid (B. 85 . 1991). The latter is decom¬ 
posed by hydrochloric acid into chlotomethane and hydroxy caff cine, m.p. 345^. 
This is identical with \,'^,^-trimelhyl uric acid, PClg converts hydroxycalteine 
into chlorocaffeine. Proceeding from dimethyl alloxan. 1.3,7-trimethyl uric 
acia may be synthetically made (p. 586). and from this caffeine through rhloro- 
caffeine. Furthermore, the lower homologues of caffeine—theobromine and 
theophylline—can be synthesized, and by introducing methyl into them caffdtne 
will result. This, then, is an additional synthesis of caffeine (E, Fischer, B. 30 , 

549). 

Finally, caffeine can be produced from the already synthesized 1,3-dimethyl- 
4,5-diaminouraci] (see above, theophylline) by preparing the formyl compound, 
methylating it (below) and heating the product (B. 38 ,3054): 


CH,N—CO 

i I 

CO C—N<^ 

I il 

CH,N—C—N 


CH, 

(x:i 


Chloromffeinc, from 1,3,7- 
Trimethyl-urjc Aad. 



CH4N— CO 

I I PTT 
CO c— 

I il 

CH,N—C—N 

Caffeine 



CHjN—C 

I I CH 
COG-N<^"» 

I II 

CH 3 CN C-NHj 

Formyl Methyl 4,5-diammo- 
i,3’(limethyl Uracil. 


Just as caffeine can be built up by exhaustive methylation of xanthine and the 
lower methyl xanthines, so these bodies are obtained by the breaking down of 
caffeine. Chlorocaffeine (see .»bovc) treated with chlorine and POClg at low tem¬ 
peratures gives a product m which the 7-mcthyl group is chlorinated, whilst at 
higher terapciatures the ^-methyl group is <ittackcd ; if excess of chlorine be 
employed a tetrachlorocajjitne results, in which all three methyl groups arc 
chlorinated. When boiled with water, these methyl groups arc lost in the form of 
formaldehyde, and by reduction hydrogen may be cxclianged for the chlorine 
in the a-position (B. 39 , 423): 


afaN—CO 

(!;oL-n< 

I *11 ? 

CH,N--C—N 

S'Chlorocftffeina. 


CH* 

CCl 


ClCIIjN—CO 

1 I 


CO c— 


CCl 

CICH4N—C—N" 

Tetrachlorocalieine. 


\ 


NH—CO 

CO C.NH. 

I II >CC1 
NH—C— 

S-Chloroxanthlne. 


H 


Xanthine. 


^-Alkyl Xanthines are obtained from the corresponding uric acids by heating 
them with carboxylic anhydiidcs (C. 1901. 11 . 71). 

(CH,CO,)0 
- > 


The methyl group in these substances is easily chlorinated: S~trichloro^ 
methyl xanthine can be converted into xanthine 8-carboxylic acids, as can 
ymethyl xanthine S-carboxyltc acid, C4H4N40*[3]CH,[8]C0iH, caffeine S-carboxylic 
acid, C|H40|[i.3.7](CH|)|[8]C0gH, theobromine ^•carboxyltc acid, C4HN40*[3,7]- 
(CHa)|[ 8 ]CO,H. The aci^ lose CO, when boiled with water (C. 19*34* ^* 5 )* 


NH.CO.C.NHv 
1 II >CCH, 
CO.NH.C.N.^^ 
8-Methyl Xanthine. 
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Catrnine, has been found in meat extracts. It is a powder, 

fairly soluble in hot water, which forms a crystalline compound with hydrochloric 
acid. Bromine water or nitric acid produces sarcine. 


X8. TRICARBOXYLIC ACIDS 


A. SATUKAIED TRICARBOXYLIC ACIDS 


(a) Trloarboxylio Acids with Two or Three Carboxyls attached to the Same 
Carbon Atom. 

Formation ,—(i a) By the action of the halogen fatty-acid esters on the sodium 
compounds of malonic esters, CHNa(COaK')* and alkyl malonic esters, R: CNa- 
(CO,R'),— e.g. cldorocjrbonic ester, chloracetic ester, a-bromopropionic ester, 
a-bromobutyuc ester, fl-biomisobutync ester, (i 6) The tricarboxylic esters, 
resulting in this jv liom sodium malonic ester, still contain a hydrogen of the 
CH|-group of m..loihc (Ster, which can be acted on anew with sodium and alkyl 
iodides. They then yield the same esters which are obtained by starting wi& 
the monoalkyl malonic esters. 

(2) By the addition of sodium malonic esters to onsaturated carboxylic esters, 
e,g. crotonic i-^ter (B. 24. 2888 ; C. 1897, I. 28). 

(3) Also, by the gradual saponiUcation of tetracarboxylic esters, containing 
two carboxyl groups attached to the same carbon atom, which split oil carbon 
dioxide and yield tricarboxylic esters (B. 16, 333 ; 23,633 ; A. 214, 58), 

(4) Bv heatini; the best adapted ketone-tricarboxylic esters (B. 27, 797), when 
a loss of CO occurs. 

Like malonic acid, these tricarboxylic acids readily bicak down with the 
elimination of CO^, yielding succinic acids, : 


(CIT8),CC0,H 


-CO, 


> (CH,),CCO,H 


CII(C02lI), 

Isobntane 

Aoid. 


ClIjCOjH 

eBaym.’Dimcthyl Succinle 
Aad.* 


For the saponification of tricarboxylic esters consult 13. 29,1867. 

Forwyt it ttxvnc Ester, Methane Tricatbcxy^ I let Matonic Carboxylic 
Ester, CH(C02CalfB),. m.p. 29®, bp. 253®, is obtained from sodium malonic 
ester, CHNa(COsCjVI,)„ and ethyl chlorocarbonate (13. 21, R. 531). 

Mithane Tru^arboxyltc Diphenylamtdine Diethyl Ester, (C|H,OOC)|CH.- 

C\ . m.p. 167®, is formed by the combination of sodium malonic ester 

^NHC^Hb 

and carbodiphenylimide, C(NCaH6)2' (Vol. II.) (B, 82, 

Cyanomalonlc Ester, CIi(CN)(COsR)t, results from the action of c/anogen 
chloride on sodium malonic ester. It volatilizes without rtecompositioh under 
greatly reduced pressure. It has a very acid reaction, and decomposes the 
alkali carbonates, forming salts, like CNa(CN)(CO|R)i (B. 22, R. 567; C. 1901, 
I. 675). 

Cyanoform, CH(CN)3 f CII,OH (?), m.p. 214®, with decomposition. Sodium 
cyanoform is produced when cyanogen chloride acts on malonitrile and sodium 
ethoxide (B, 29, 1171). 

Ethenyl Tricarboxylic Ester, Ethane Tricarboxylic Ester, Succinic Carboxylic 
Ester, CaHftOOC.CHj.CH(COOC,H,),, is obtained from sodium ethyl, b.p. 278®, 
malonate and the ester of chloracetic acid. Chlorine converts it into Cklorethane 
Tricarboxylic Ester, CiHtCl(CO,CjHg),, b.p. 290®. When heated with hydro¬ 
chloric acid, it yields carbon dioxide, hydrochloric acid, alcohol, and fumaric 
acid; when hydrolyzed with alkalis, carbon dioxide and malic acid are the 
products (A. 214,44). 

Methyl a-Cyanosuccinic EsUt, (COj|CH*)CH|CH(CN)COjCH*, ia obtained 
from methyl cyanacetic ester and chloracetic ester (B. 24, R. 557), 
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afi'-Dicyanopropionic Ester, NC.CH|CH(CN)COtC|Hsp b.p.^^ is prraared 
from formaldwyde cyanhydrin and sodium cyanacetic ester, CNCHgOH-f* 
NaCH(CN)CO,R«CN.CH,CNa(CN)CO,R-HH, 0 . The cyanhydrins of homo¬ 
logous aldehydes and ketones condense similarly: afi’Etcyamsovalerie Estert 
NC.C(CH,),CH(CN)CO,C,H,, b-p.,, 150“; aP-Dicyanopelargonic Ester, 
(CN)CH(CN)CO,C,H., b.p.,# ^9^"" (C. 1906. II. 1562). etc. 

CH,CHCO,C,H, 

Propane oaB^Tncarboxyltc Ester, i , b.p. 270*. 

CH(CO,C,H,), 

The free acid (isomeric with tricarballylic acid), m.p. 146", breaks down into 
carbon dioxide and pyrotartaric acid. 

• CHjCOjR 

Propane oBB-Tncarboxyhc Ester, I , b.p. 273®. 

CH,C{COgR), 

C,H,CH.CO,R 

n^^Butane aaP~Trtcarboxyltc Ester, 1 , b.p. ayS*. 

CH(CO,R)* 

CH,CO,R 

n,-Butaneafip-Trtcarboxyhc Ester, ] , b.p. 281®. 

C|H|C(COsH)( 

n*~Butane aoB-Tricarooxyhc Ester, (CO,R)CfI,CH,CH,CH(COgR)j, b.p.g, 203* 
(C. 1897, II. 542). 

Isobutane aap-Tricarboxyltc Ester, (CO|R)C(CHg)g.CH(COgR)g, b.p. 277®. 
(Comp. B. 28 , 648). 

MTisym,~Dtmethyl Cyanosuccmic -Ej/er, CO,R.CH(CN) C(CHg)g.CO,R, b.p. 186®, 
is formed from sodium cyanacetic ester and bromoisobutync ester (B. 27 > R. 506; 
C. 1899, 1 . 593. « 73 )- 

a-Cyanoglutaric Ester (B. 27 , R. 506). 

a^Alhyl a-Carboxyl Glutartc Ester (A. 292 , 209 ; C. 1897, 1 * 28). 

a-Cyano B-xsopropyUglutaric Ester, b.p.go 195 ** (C. 1899, I. 1157). 

fi-MethyiPropane aay -7 rtcatboxyhc Acid, fi-Methyl Glutanc a-Carboxylic Ester, 
(COgR)|CHCH(CH,)CHgCOaR, b.p.n 165® is formed from sodium maJonic ester 
and crotonic ester, and gives, somewhat remarkably, a sodium salt of the con¬ 
stitution (COgK)jCH.CH(CHg]CHNaCOgR, which, with iodomethane yields 
py-Dimethyl Propaneaay^Tricarboxylic hster, (COgR)jCHCH(CHg)CH(CH,)COgR, 
b.pMo 1 ^ 7 ^’ This substance is isomeric witha^-X)»m^f/»>/ Propane aay-Tricarboxylic 
Actd, (CO|R)gC(CH,)CH(CHt)CHgCOgR, b.p.10 i6x®, prepared from sodium 
methyl malonic ester and crotonic ester. This substance yields a sodium salt 
which, with iodomethane gives aPy-tnmethyl propane aay-tricarhoxylic acid 
(B. 38 , 3731 )* 

PP-Dimethyl a-Carboxyl Glutaric Ester, see / 3 J 3 -Dimethyl Glutaric Acid (p. 504). 

pp-Dimethyl a-Cyanoglutanc Ester (C. 1899, I. 252, 532). 


(6) Tiidtoboxylic Acids with the Carboxyl Groups attached to Three 
Carbon ®Atoxn8. There are many members of this class which are 
obtaineQ through loss of CO2 from trtra- and penta-carboxylic acids, 
which possess one or two pairs of C02lrI-groups attached to the same 
carbon atom (B. 24 , 307, 2889 ; 25 , R. 74b ; C, 1902, 1 . no). 

TricaxballyUo Acid, CH2(C02H).CH(C02H).CH2(C02H.),m.p. 162- 
164®, occurs in unripe beetroot, and is found in the deposit in the 
vacuum pans during the msftiufacture of beet sugar. It is prepared 
(i) by reduction of aconitic acid (p. 594) (A. 314 , 15; C. 1903, 
II. 187), arid of citric acid (p. 610); (2) synthetically from allyl 
tribromide, CH2Br.CHBr.CH2Br and KNC, and decomposition of 
the tricyanide with aqueous potassium hydroxide : also from a whole 
series of synthetically prepared bodies by cleavage reactions ; (3) from 
diailyl acetic acid (p. 306) by oxidation; (4) from a-acetyl tricar* 
ballylic acid ester (p. 612) by hydrolysis (B. 23 , 3756); (5) from 
VOh. X* 2 Q 
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propane aajSy- and -ajSjSy-tetracarboxylic ester; (6) from cyanotri- 
carballylic ester, the product of combination of sodium cyanosuccinic 
ester and bromacetic ester (C, 1902, I. 409) ; (7) from propane 
pentacarboxylic ester (p. 622), with loss of CO2 {B. 26 , R. 746), It 
forms prisms which are easily soluble in water. 

The silver salt, C^HjO.Ag, ; calcium salt, (C,Hj0e),Ca,+4H,0, dissolves with 
difficulty (C. 1902, I. 409); trimethyl ester, C,HjO|(CH5),. b.p.|s 150®; Moride* 
C8H5(C0C1)3, b.p.i4 140° (B. 22 , 2921); anhydride acid, CjH.Oj, m.p, 131^' 
(3.24,2890); C8H,(C0NH,)4, m.p. 206®: amidimide, C4H4O4N1, 

m.p. 173® (B. 24 , 600). Tnhydrazide and Triazide, C4H4(CON,)| (J. pr. Ch. [2] 
62,235). 

Homologous Tricarballylic Acids: 

a^Methyl-, two modifications, m.ps. 180® and 134® (comp. M. 23 , 283); 
/ 5 -Afc/Ay/-, m.p. 164°; a-Ethyl~, m.-p. 147®: a-n.-propyl, m.p. 151®; a-isopropyl, 
m.p. 161® (B. 24 , 288); aa^'dimethyl-, three modifications (B. 29 , 616); aa-di- 
methyl-, three modifications, m.ps. 143®, 174®, and ao6® (C. 1899, I. Sift ; 1900, II. 
316; 1902. I. 4<J9). These acids are prepared from the corresponding cyano- 
tricarballylic acids (the condensation products of sodwm cyanosuccinic esters 
and a-bromo-fatty acid esters), or from sodium cyanoacetic esters and alkyl 
broniosucciiiic esters. Trimethyl bromosuccinic ester, however, after reaction 
with sodium cyanacetic ester, hydrolysis and cleavage of the product of con¬ 
densation, docs not yield the expected trimethyl tricarballylic acid, but oa- 
dimethyl butane a^aclricarboxylic acid {CH,)8C(COOH)CH(C'OOH)CHaCH,COOH 
^C. 1902,1. 409). 

ari) 9 -Trimethyl Tricarballylic Acid, Camphoronle Acid, (CH3),C(COtH)C(CHa)- 
(C03 H).CHjC 0,H, m.p. 135®, is formed when camphor is oxidized. It is of 
fundamental importance in the determination of the constitution of camphor 
(Vol. 11 .). aj88 Butane Tricarboxylic Acid, m.p. 119® (C. 1902, II. 732). 

ayb-Pentane Tricarboxylic Acid, Hamotricarhoxyhe Acid, two modifications, 
m.p. 141® and 175®, is foimed by the acid reduction of luematinic acid (p. 595) 
(A. 345 , 2 ). 

ay€-Pentane Tricarboxylic Acid, m.p. 107® ( 3 . 24 ,284). Butane pS-Dicarboxylic 
y-Acetic Acid, CH,CH(COOH)CH(CHj|COOH), (M. 21 , 879). Methine a-Tri- 
propionic Ester, Cll[CH(CHa)C 08 R] 8 , m.p. 201®, is prepared from orthoformic 
ester, a-bromopropionic ester and zinc (C. 1906, 1 . 338). 


B. OLEFINE TRICARBOXYLIC ACIDS 
CO,H CO.H COjH 

Aconitic Acid, | II, m.p. 191®, with decomposition 

C H j C - CH 

into CO2 and itaconic anhydride (p. 516). It is isomeric with tri¬ 
methylene tricarboxylic acid {q.v,), and occurs in difh'rent plants ; 
for example, in Aconitum napeUus, in Equiseiitm fluviatile, in sugar 
cane, and in beet roots. It is obtained by h(‘aliug citric acid alone 
or with concentrated hydrochloric or sulphuric acid (B. 20 , R, 254; 
A. 314 , 15)- 

Aconitic acid has been synthetically prepared by the decomposition 
of oxalocitric lactone ester (y.u.) with alkali; by the decomposition 
of the addition product of sodium malonic ester and acetylene di- 
carboxylic ester (J. pi. Ch. [2] 49 , 20) ; also from cyanaconitic acid, 
the product of reaction of cyanacetic ester, oxaloacetic ester and 
sodium ethoxide (C. 1906, 11 . 20). It is readily soluble in water, and 
is reduced by nascent hydrogen to tricarballylic acid. 
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The calcium salt, (C«HgOf).jCag 4 ~ 6 HsO, dissolves with difficulty; trimethyl 
ester, CgHtO«(CHy)«, b.p.i« i6i‘*.«results from the distillation of acetyl citric tri- 
methyl ester (B. 18, 1954 )* and from acoiiitic acid, methyl alcohol, and hydro¬ 
chloric acid (B. 21 , 6C9). 

unsym.-^coMiric Anhydride Acid, CgHgO, (constitutional formula, see below), 
m.p. 76®, is formed when aconitic acid is heated in vacuo to 140®, and when it ia 
treated with acetyl chloride. When distilled in vacuo it decomposes into CO3 ai d 
itaconic anhydride (B. 87 , 3967 )* \in.syxci.-Acuuitimide Acid, CgH<04(NH) (consti¬ 
tutional formula, see below), m.p. 191®, is formed from acyl citrimide ester and 
alkalis (p. on); also from ^-anilinotricarballylimidc esters and dilute hydro¬ 
chloric acid (B. 23 , 3 ^ 93 )' the aconitic esters and ammonia yield the 

amide of sym.-aconitimide acid, citrazinic acid (formula, see below) (Vol. II.), 
which results also from the amide of citric acid and mineral acids (B. 22 . 1078, 

3054; 28,831: 27,3456); 


xo—o 

HOtC.CH:C< I 
XHj—CO 

unsym.'Aconilic Anhydride Acid. 


yCO . NH 
HOgC.CH:C< I 
XII,.CO 

uiisym.-Acouiiimlde Acid. 


XH—CO\ 

HOgCXr >NH 

XH,-CCK 
Citrazinic Arid. 


a-(oTy)-Mcthvl Aconitic Acid, HO,C.('(Cll3): C(CO,H)CH,CO,H orHO,CXH.- 
CH,C.(C02H) : CIlCOjH, m.p. I5g°, is prepared from methyl cyanaconitic ester 
(p. 615), It reacts with acetyl chloride to form an anhydride acid, m.p. 51®, which 
when heated to 159® dt*composes into jS-nu^thyl itaconic anhydride and CO,. 
ay‘Dimethyl Aconitic Acid, m.p. 164®; the anhydiuie-acid, m.p. 74®, is formed 
from cyano-i*y-dimethvl-aconitic ester (C. 1906. IT. 21). 

Jsoaconitic Ethyl Ester, (C,IIbC)OC) 2CHCH : CIKOOCjH,. is formed when 
dicarboxylic glutaconic ester is incompletely hydroly/ed. It is converted by 
piperidine into a bimolecular polymer which yields a bimeric glutaconic acid, 
m.p. 207'’ (p. 520) on hydrolysis with hydrochloric acid (B. 34 , 677). 

Aceconitic Acid and Citracelxc Acid, C,H, 0 „ are two acids of unknown con¬ 
stitution, jsomeric with aconitic acid. They arc obtained by the action of sodium 
on bromoacetic ester (A. 135 , 30^ , comp. B. 27 , 3457). 

cyh-Butene Tricarboxylic Acid, HOOC.CH,Cll(Cban)CH : CHCO.II, m.p. 148® 
X902, II. 732). 

t?-Pentene ayh-Tricarboxylic Acid, H0,C.CH,CH,C(C02H>:CH.C0,H, is un¬ 
known in the free state. Its anhydride- and imide-acid are identical with the 
hcsmatic acids, obtained from hiTmatin by the ordinary action of chromic 

acid. The acids decompose on dry distillation info CO, and methyl ethyl malefc 
anhydride and inxide. respectively (p. 5x9) (A. 845 , i). 


VI. TETRAHYDRIC ALCOHOLS AHD THEIR OXIDATION 
• PRODUCTS 


Theoretically, there are 15 classes of tetnihydric alcohols, a figure which is 
obtained by the combination of the individuals—CH,OH. =ClioH. =rOH. 

according to the formula, + where m« 3 . The 

number of possible classes of oxidation products can be calculated by combining 
thesix individuals—CHjOH, =CHOH, COll. —CHO, =CO. —CO,H, substitut¬ 
ing in the above equation and subtracting the number 15 of the tetrahydric 
alcohols. Thus, it is found that there arc m classes (126 —15) of oxydation pro¬ 
ducts, a number which is diminished when the 10 different classes of trihydroxy- 
aldehydes, the 10 classes of trihydroxy-ketones, and the 10 classes of trihydroxy- 
carboxylic acids are reckoned as 3 main classes. The more so when the 6 classe. 
each of the dihydroxy-dialdehydes, <lihydroxy-diketones, dihydroxy-aldehydc- 
ketones, dihydroxy-aldehyde-carboxylic acids, dihydroxy-keto-carboxylic acids 
and di-hydroxy-dicarboxylic,acids are considered as constituting 6 main classes. 
Further, the 3 classes each of the monohydroxy-trialdehydcs, monohydroxy- 
dialdehyde diketones, monohydroxy-aldehyde-dikctones, munobydroxy-triketones, 
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monohydroxy-dialdehyde-monocarboxylic acids, monohydroxy-monoaldehyde di- 
carboxylic acids, inonohydroxy-aldchyde-kctonf-carboxylic acids, monohydroxy- 
diketone-carboxylic acids, monohydroxy-mono-ketone-dicarboxylic acids, and 
monohydroxy-tricarboxylic acids, can all be reduced to 10 main classes. There 
remains still 15 classes of oxidation products, composed of the fourfold combina¬ 
tion of the three individuals,—CHO, =CO,—COjH. Thus, the total number of 
main classes of the oxidation of the 15 classes of tetrahydroxy-alcohols is 3+6 + 
104-15=34 classes. 

These considerations give a clear indication of how little the field of the tetra- 
hydroxy alcohols and their oxidation products has been exhausted, since only 
15 classes are as yet known. 


r. TETRAHYDRIC A 3 LCOHOLS 

Ordinary crythritol is best known of the tetrahydric alcohols corre¬ 
sponding with lh(‘ four tartaric acids (p. 600). By an intramolecular 
compensation it, like mesotartaric acid, becomes optically inactive, 
and is therefore called i-erythritol. This alcohdl and [d+ 1 ] erythritol 
were synthetically prepared by Griner in 1893 from divinyl, 

Diviiiyl, or butadiene (p. hS), forms an unstable dibromide, which becomes 
rearranged at 100® into two different but stable dibroinides. When these are 
oxidized by poCisaium permanganate, the one passes into the dibromhydrin 
(m.p. 135®) of ordinary or i-crythritol, whilst the other becomes the dibromhydrin 
(m.p. 83®) of [d4-l] erythritol. Potassium hydroxide converts these two dibrom- 
liydrins into two butadiene oxides, which, with water, yield the erythritols 
corresponding with i- anrl [d-fl] erythritol (B. 26 , R. 9J2 ; A. 308 , 333) : 

HC.CH.Br (HO)HC.CH,Br (HO)HC.CH,(OH) 

II —^ I —^ I 

CH -C'H, HC.CHjBr (HO)HC.CH,Br (HO)IIC.CH,(OH) 

V. m. p. X35* l-Erythritol. 

^HC.ClIjBr (HO)HC.CIT,Br (HO)HC.CH,(OH) 

II -I -^ I 

CH,Br.Cll ClI*BrCH(OH) CHa(OH)CH(OH) 

m.p. 83* ((l+l]*Erythritol. 

i-T^rythritol, Erythroglucin, Phycitol, CH2(OH).CH(OH.)CH(OH).- 
CH2.OH. m.p. 126°, b.p. 330°, occurs free in the alga Protococcus 
vulgaris. It exists as erythrin (orsellinate of erythritol) in many lichens 
and somt' alt'®, cspcTially in Roccella Monfagnei, and is olptaincd from 
these by hydrolysis with sodium hydroxide or calcium hydroxide. 

C,H„[ " 

Erytlinn. Erythritol. OrscJUnic Acid. 

Also, i-erythrilol is formed by the reduction of i-erythrose (B. 32 . 3677). 

Like all polyliydric alcoliols erythritol possesses a sweet taste. 

By carefully oxidizing erythritol with dilute nitric acid e.vythfOse results. More 
intense oxidation produces crythritic acid and mesotartaric acid (p. 604). 

i-Niiro-erylhrtfof, C4HJONO)24, m.p. 61®, explodes violently when struck. 
i~Teira-ac§tyl Rryfh; Jo/, m.p. 85®. \~T<rylhntol~ Dichlothydfin, 

C4H,(OH)aCl*, m.p. 125®. is formed from crytliritol by the action of concentrated 

hydrochloric acid. i-Vvythriiol Ether, * 3 ®** Di4=wl'li3, 

is formed when pota.ssium hydroxide acts on the dichlorhydrin. It is a liquid 
with a penetrating odour, and behaves like ethylene oxide (p. 317)* It combines 
slowly with water, yielding erythritol, with aHCl to the dichlorhydrin, and with 
2HNC to the nitrile of dihydroxyadipic acid (B. 17 , 1091). Erythritol, in the 
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presence of hydrochloric acid, combines with formaldehyde, benzaldehyde* and 
acetone, yielding: * 

i^Erythr%tolDiformalfCfifi^{(J^^)^,my 9^^ (A 289,27), 
i~ErythrUol DtbenMolt m p 97* , and 

x~Erythrtiol Dtacctone, C4H,04(CjHa)i, m p 5O®, bp 105® (B 28 , 2531). 
d-Erythrltol. m p 88, [0]©= —4 4°, is obtained by the reduction of erythrulosr 
(C. X900, 11 31) l-Erythritol [a]i>=:+4 3^ is similarly obtained from l-thrcose 
(C. 1901, II 179) 

[d+l]-Erytliritol, mp 72**, is obtnncd by the combination of the d- and 1 - 
compounds It is identical ^ith the substance obtained from divmyl (p 596). 
[fl-^\\-Erythf%tol Ether 28 , R 932) Eetraacetyl [ 6 .~\‘l'\~Lrythritol, mip 53*. 
Nitro-tert‘Butyl Glycerol NOjC(ClljOH)4, mp isS**, is formed from nitro- 
methane. foimaldehydt, and potassium hjdrogen carbonate (B 28 , R 774). 
Reduction converts it into hydroxylamxno tert -butyl-glycerol, HOHN C(CHjOH)^, 
mp 140^ (B 30,3161) See also Dioxyacetone (p 534) 

Penta-orythrtoi, C(CH,OH)4, m p 250-255®, has been prepared by con¬ 
densing formaldehyde and acetaldehyde with lime (C 1901, II 1114) See also 
vmyl-trimethylene (Vol II ) Teiraaceiyl Fenta erythrUol,i^{aifiCOCii^)^tmy 
84^ (A 276,58) Ftnia-crylhrUol Dibenzal mp 160® (A 289 , 21 ) leUa ethyl 
Ether, C(CH40C,Il8)4. tTp 220® (C 1897, 11 694) Iwo Hexyl ErythritoL have 
been prepared by oxidizing diallyl, CHj.=(HCIl8—Cll*—CH=CH* (p 9«) 
Oxidation of hcxadicne dibromide, CHjCllBiCH. CHCHBrCHa, produces a 
d%hromo-d% hydroxyhexane whe n wanned with aqueous sodium hydroxide 

yields Hexylene Dtoxtde, O CH(CIla)C II (Lh CH(CH4) (!), b p 177® (B 35 , 1341) 
2 TRIHYDROXY ALDEHYDES and 3 TRIUYDROXYKETONES : Erythntose, 
Tetrose, is probably a mixture of a tnhydroxyaldehyde and a tnhydroxyketonc 
(comp Glycerose, p 5 h* ® 35 , 2627) It is produced when erythritol is 
oxidized with dilute nitric acid It yields phenylerythrosazone, C4H404(NtH- 
CtHg)^, mp i 6 y^ (B 20 , 1090) this probably is also produced from the 
condensation product of glycolyl aldehyde (p 337) (B 25 , 2553 , 35 , 2630). 
<f-Erythritose {leevo-rotatory) is formed when d*arabonic acid is oxidized with 

OH OH 


hydrogen peroxide (B 82,3674) 


l-Erythntose, HOC 


U 


I 

H 


I 

H 


CHiOH {dextro-rotatory) 


results horn the oxidation of 1 arabonic acid, or by the decomposition of 
l-arabmosc oxime through the mink, by loss of hydrocyanic acid (B 32 , 3666, 84 , 
1365) (comp also the decompobitiou of d di xtrose, p biS) Similarly, by oxidation, 

H OH 

HOC. C C CH OH 

or by the hydrocyanic acid reaction, 1-xylose yields l-threose, l~l 


^ OHH 

stereosomenc with erythrose 1 Erythntose and I thieose yield the same osa- 
zone (B» 84 , 1370) Erythrulose is obtained from erythritol by means of the 
borbose bacterium It yields d erythritol on reduction, and is probably a ketose 
Methyl Tetrose, CHa[CH011]4LH0, is obtained from rhamnose oxime and acetic 
anhydride, and also from rl^mnonic acid and hydrogen peroxide losazone, m p 
173® Benzyl Phenylhydrazone m p 97®, when oxidized with nitric aeid, yields 
d-tartartc acid, bromine water produces methyl tetronic acid (B 29 , 138, 85 , 
*360) 


4 HTDROXYTBIKETONES : -^rMcthyl hefitane-z-ol-z.Sfi-tnone, 

aldol of dMcetyl. CH,COC{OH)(CH,) CH.CO COCH,, b p „ 128° (p 349 )- 
5. TETRAKETONES: letra-acetyl Ltliune, (CH,CO)^CH—CH(CO¬ 
CK,).. IS obtained from sodium acetyl acetone by means of iodine or 
by electrolysis (p 350) 

Oxalyl Diacetone, CHsCOCHa-COCOCHiCOrH,, mp 121®, and 

OxalvlDiineihvlDie'h\lK€icnc,CJLlJ^OCii2 COCO CHjCOC,H5,m p 76®, 

are formed frqg oxalic ester acetone oi ne liyl ethyl ketone and sodium 
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etho5cide. It consists of yellow cr3retals, which remain yellow on 
fusion and form yellow solutions, Oxalyl diacetone give a dipyrazole 
derivative with phenylhydrazine (A. 278, 2Q4). 

Methenyl Bisacelyl Acetone^ (CH3CO)2CH.CH=C(COCII;*)f, is ob¬ 
tained from ethoxymethylcne acetyl acetone (p. 536) ^7 addition 
of acetyl acetone. 

6. TRIHYDROXY-MCNOCARBOXYLIC ACWS, 

Tnhydroxybutyric Acid, v!ic.~Urythrontc Acid, Erythroglucic Acid, CHjOH- 
[CHOIl]*COjll, ii> ol)l.nnctJ by the oxidation of erythrytol and mannitol (2) (B. 19 , 
468). It is a crystalline deliquescent mass. d-Erythromc Acid (la-'vo^rotatory) 
is formed by the oxidation of U-erythntose with bromine; from d-fructose with 
IlgO ; and from the dextrosonc (p. 02g), with bromine (C. 1902, I. 859 ; II. 109). 
d-Eryihronic Lactone, m.p. 103®. l-Etythronic Acid (dextro-rotatory) is prepared 
from 1-crythrose and bromine water. 

\-Erythromc Lai tone, m.p. 104® (B. 34 , 1362)- 

r^c.‘Erythromc Lactone, m.p. 91®. is obtained from y-hydroxycrotonic lactone 
(p. 398). and pcimanganate. The y~etkyl etheroi erythronic acid, CjH|O.CH,CH- 
OH.CJJOIJ.C O3H. m.p. gr®, is similarly obtained from y-ethoxycrotonic acid 
(C. 1905, 1. 11^8 ; II. 457. 

TrxhvdYoxytsobutyfic Acid, (CH,0H)j.C(0H)C02H, m.p. 116®, is obtained 
from glvcrrosc and HNC (B. 22 , io6). 

apy-Trihydroxyvaleric Acid ; afi~Dihydroxy~y-valerolactone, CH,iHCH(OH)- 

CH(OH)COO, m.p. loo®, is formed by oxidation of a-angelic acid lactone (p. ^g8) 
by permanganate (A. 319 , 194), 'J his deliydroxyvalciolactone must be looked 
on as bt ing the raLcmic form of the ethyl 'i etronic Actd Lactone, m.p. 121®, [a]D= 
47 5". obtained by oxidation of methyl tetrose (p. 3(17) by bromine water. 
apy iuhydn>xyvalen< Acid is sjiecially characterized by its phenyl^fydraxide, 
m.p. 169®, and its brucine salt (B. 35 , 2365). 

1,3,4-Trihydroxyvaleric Acid', th e \,4-oxlde of th is acid, the fi^Hydroxy- 

tetrakydrofurfurane <!)CIIj.CH(OH)CHjCTICOOH, m.p. no®, is 

tormed from the corresponding malonic acid derivative when it is heated with 
water (B. 37 , 4544). 

The coriesponding_ 1,4-imide— fi'-I/ydroxypyrrolidine a - Carboxylic Acid, 

^‘-Hydroxyprohne,l\l^iCl\.gCH( 0 \l)CilJiAACO^H, a-fonn, m.p. 26®, with decom¬ 
position, 6-form 250®, with decomposition, is formed from a^-bromo-chloro-y- 

valerolactone, ClC'H,CH.CH,.CHBr.COO. The a-form yn UIs a slightly soluble 
topper salt, 'i'lic last named acid, like the 1,4-oxide (mv above),is prepared 
liom the s>iilh» lu 8-chlorov.il( rolactonc carboxylic tsb i (p. by the action 
of ammonia. Il lias not yet been (I'Tormincd whctli' i the synthetic hydroxy- 
jiroline is the ra» emic form of the natural }Jydroxyprolx,,p, m p. 270® with decom¬ 
position - Si 04®, which is obtained by the hydiolysis of gelatin. Both 

compounds po.ises-. a sweet taste, are reduced by hydnodic acid and phosphorus to 
proline (p. 342), and arc very stable towards hydrolytic agents (B. 41 , 172C). 

7. DIHYDKOXYKETO-MONOCARBOXYUC ACIDS, 

tsf-Diethoxy-acctoateixc Ester, CjH50.CHjC0.CH(0C,H^).C0jC,Hj, 

132®, is prepared from cthoxychloracetoucetic ester (p. 545) and sodium ethoxide 
(A. 269 , 28). 

8 . HYDROXYDIKETO-CARBOXYLIC ACIDS. 

Acciyl Acetone Chloral, CCl*.CII(Oil)CIi3CO.CH,COCH,, m.p. 78®, is a de¬ 
rivative of heptane-2-ol-4,o-dione-l-acid. It is prepared from chloral and acetyl 
acetone (C. 1898, II, 704). 

9. TRIKETO-MONOCARBOXYLIC ACIDS. 

The B-phenylhydrazone ot a^y- 7 'rikeio-n.-valeric Acid, m.p, 206®, is prepared 
from sodium acetone oxalic acid and diazobenzene chloride (A.^ 278 . 285). 
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Diaceiyl Pyroracemic Acid, {Cli^C0]2CHC0C02H, provides a derivative 
cyaniminometkyl acetyl acetone (CH3CO)2CH.C{NH)CN, which is prepared from 
acetyl acetone, cyanogen and a little sodium ethoxide. Aqueous sodium hydroxide 
decomposes it into sodium cyanide and cyanacetyl acetone (p. 547). It combine 
with a further quantity of acetyl acetone to form dicyano diacetyl-acetone and 
similarly with acetoacetic ester and malonic ester (A. 332 , 146). 

Derivatives of pyrMvtc flcxd, CHjCOCO.CHjCOCOOH, are formed from 

pyroracemic ester and aromatic amines, e.g., CH,C(NC,HB)COCnaC(NC,H,)COt- 
CjH,, which is decomposed by sulphuric acid into CH*C(NCbH,)COCHbCOCO*- 
CtHg, m.p. 140 (C. 1902, I. 1320). Homopyruvyl Pyruvic acid. Heptane-^,^,6- 
trione-y-acid, provides derivatives such as the metkoxime ester, C,H5C(NO.CH,)- 
COCH,COCO,l< : methyl ester, m.p. 80° ; ethyl ester, m.p. 41“, which are prepared 
from the methoxime of acetyl propionyl (pp. 349, 354), oxalic ester, and sodium 
ethoxide (B. 88,1917). 

ay-Diocetyl Acetoacetic Acid, CHBCOCHgCOCH(COCHB}CO,H. The lactone 
of the 3 -act' or -enol-form of this hypotlietical acid, Dehydracetic Actd, ^Methyl- 

CO—o—ecu, 

yaceto-pyronone, I || , m.p. 108^, b.p. 269^, is formed by 

CHgCO.CH.CO.CH 

boiling acetoacetic cstei* under a reflux condenser; from dehydracetocarboxylic 
acid (A. 278 , i8b) by evaporation with aqueous sodium hydroxide ; from acetyl 
chloride and pyridine ; and from triacetic acid (p. 54S) by heating with acetic 
anhydride and sulphuric acid (C. 1900, II. 625). It is isomeric with isodehydr- 
acetic acid (p. *171). The constitution of dehydracetic acid has been demonstrated 
by Feist (A. 257 ,261; B. 27 , K. 417). Hydriodic acid produces dimethyl pyrone. 


CHg.C:CH.CO.CH.C.CH* (q.v.). 


10. DIHYDROXY-DICARBOXYLIC ACIDS. 

A. Malonic Acid Derivatives, yS Dthydroxypropyl Malonic Acid, CHg(OH)CH- 
(OH)CH^CH(COsH),: lactone ester, h-hvdroxy-y-valerolactone carboxylic ester, 

CHj(OH).iHCHjCH(CO|CjHj)COO, a syrup, is formed from h-chloro-yvalero- 
lactone carboxylic ester, the product of condensation of epichlorhydrin (p. 532) and 
malonic ester. The lactone ester and alcoholic ammonia form yb-Dihydroxy* 
propyl Malonamide, m.p. 140® (B. 35 , 197); comp, also B. 38 , I 939 )- Hydro¬ 
lysis of the chlorovalciolactonc ester causes loss of COgand production of chloro-y- 


\ 


valerolactone, together with the dilactone OCHgCH.CHg.CH.io, m.p. x8o*; 


.CO 


bromine produces a-bromo-8*chloro-y-valero-lactonc ester (B. 40 , 301). 

CH gCH g.CH XH gCH gCH * 

Di-Q>-hydtoxypropyl Malonic Acid Lactone, | I 

-CCK ^CO - 0 


O 


m.p. rod'*, is formed from diallyl malonic acid (p. 522), and hydrobromic acid 
(A. 216 ,^ 7 ). 


B. SUCCINIC ACID DERIVATIVES. 

Tartaric Acids or Dihydroxyethylene Succinio Acids. —Tartaric acid 
is known in four modifications; all possess the same structure 
and can be converted into one another. They are: (i) Ordinary or 
Dextro-tartaric acid, (2) LcBVO-iartaric acid. These two are distin¬ 
guished from each other by their equally great but opposite molecular 
rotatory pwwer. (3) Racemic Acid, paratartaric acid, or \d~\‘\\~tariafic 
acid. This is optically inactive, but can be resolved into dextro- 
and Isevo-tartaric acids, from which it can again be reproduced by^ their 
union. (4) Mesotartaric acid, antitartaric acid, \-iartaric acid,^ is 
optically inac^e and cannot be split into other forms. The isomerism 
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of these four acids was exhaustively considered in the introduction. 
According to the theory of van Hoff add Le Bel, it is attributable 
to the presence of two asymmetric carbon atoms in the dihydroxy- 
ethylene succinic acid. A compound containing one asymmetric carbon 
atom may occur in three modifications—a dextro-form, a laevo-form, 
and, by union of these two, an inactive, decomposable [d+1] modifica¬ 
tion. If the same atoms or atomic groups are joined to two asymmetric 
carbon atoms,—^that is, if the compound be symmetrically constructed, 
like hydroxyethylene succinic acid,—^then in addition to the three 
modifications capable of forming a compound with one asymmetric 
carbon atom there arises a fourth possibility. Should the groups 
linked to the one asymmetric carbon atom (viewed from the point 
of union of the two as5nnmetric carbon atoms) show an opposite 
arrangement from that of the groups attached to the second asymmetric 
carbon atom, then an inactive body will result by virtue of an internal 
compensation. The action on polarized light oa:asioncd by the one 
asymmetric carbon atom is equalized by an equally great but oppositely 
directed influence exerted by the second asymmetric carbon atom. 
(Ses also B. 35 , 4344.) 

Therefore, the four S3anmetrical dihydroxysuccinic acids can be 
represented by the following formulae, to which must be ascribed a 
spacial significance as basis (p. 32): 


CO,H COjH 

H—• Lo H HO—* Lh 

HO—* ■L-h H—*(!:--oh 

COaH CO,H 

(1) DextroUrtaric Acid. s) LsBvotartaiic Acid. (3) McsotarUnc Acid. 

d-Tartaiic acid-f I'tartaiic acid=s(4) Racemic Aad 


CO,H 

H—OH 
io.H 


The configuration of d-tartaric acid, as represented on p. 646, 
follows in consequence of the formation of this acid from the oxidation 
of methyl tetrose, the decomposition product of rhamnose, 

Htstoncal.—Scheele in 1769 showed how this acid could be isolated from argol. 
Kestner in 1822 discovered racetme acxd as a by-product in the maijufacture of 
ordinary tartaric acid, and in 1826 Gay-Lussac investigated the two acids. He and 
later Bersehus (1830) proved that ordinary tartaric acid and racemic acid pos¬ 
sessed the same composition, and this fact led Bersehus to introduce the term 
isomerism into chemical science (p. 25). Btot (1838) showed that a solution of 
ordinary tartanc acid rotated the plane of polarized light to the right, whereas the 
solution of racemic acid proved to be optically inactive, and was without action 
upon the polarized ray. classic investigations (1848-1653] demonstrated 

how racemic acid could be resolved into dexiro- and lavo-tarlartc acxd, and be again 
re-formed from them. In addition to laevo-tartaric acid, Pasteur also discovered 
inactive or mesotartarxc acxd, which cannot be resolved. Kehuli in i86x and, 
independently of him, Perkxn, Sr., and Duppa synthesized racemic acid and meao- 
tartaric acid from succinic acid, derived from amber, through the ordinary 
dibromosuccinic acid. In 1873 Jungflexsch obtained racemic acid and meso- 
tartaric acid from synthetic succinic acid, and also the other two tartaric acids 
derivable from racemic acid. Van *t Hoff in 1874 and, independently of him. 
Le Bel referred the isomerism of the four tartaric acids to the presence of two 
asymmetric carbon atoms in symmetrical dihydroxyethylene succinic acid. 
Kekuli and Anschutt in 1880 and 1881 found that when racemic acid was oxidized 
it yielded fumaric acid, and that inactive or mesotartaric acid gave acid. 
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6bi. 

The oxidant was pota^ium permanganate. This reaction directly linked the 
isomerism of the tartaric acids to the isomerism of the two nnsaturated acids— 
fumau’ic acid and maleic acid. * 


(i) Baoemio Acid, ParcUartaric Acid, C4Hfl0(j+H20, m.p, 206® 
with decomposition (anhydrous), is sometimes found in conjunction 
with tartaric acid in the juice of the grape, and is formed in the pre¬ 
paration of ordinary tartaric acid, when the solution is evaporated 
over a flame, especMy in the presence of alumina. 

Racemic acid appears (i) in the oxidation of mannitol, dulcitol 
and mucic acid with nitric acid, as well as when fumaric acid (B, 13» 
2150), sorbic acid, and piperic acid are oxidized by potassium per¬ 
manganate (B. 23, 2772). It is synthetically obtained (2) from 
glyoxal by means of hydrocyanic and hydrochloric acids (together 
with mcsotartaric acid, B, 27, R. 749), and (3) from isodibromo- and 
(together with mesotaitaric acid) fiom dibromosuccinic acid, by the 
action of silver oxide (pp. 501, 604); (4) together with glycoUic acid 
(comp, the pinacone formation, p. 313), when glyoxylic acid is 
reduced with acetic acid and zinc ; (5) by heating desoxadic acid with 
water to 100°, when carbon dioxide is split off. 

Ethyl alcohol, which can be synthesized in various ways, constitutes 
the parent substance for the first four syntheses. In the fifth synthesis 
carbon monoxide serves for that purpose. 


SYNTHESIS OF RACEMIC ACID 
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Racemic acid is also produced when equal quantities of concen- 
^ trated solutions of dextro- and laevo-tartapc acids are mixed (B. 25» 
1566), and together with mesotartaric acid when ordinary tartaric 
acid is heated with water to 175°. 

Properties. —Racemic acid crystallizes in rhombic prisms which slowly 
cfSorcsce in dry air. It is less soluble (i part in 5*8 parts at 15®) in water than 
the tartaric acid, and has no ettcct on polarized light. Potassium permanganate 
oxidizes it to oxalic acid, anil hydriodic acid reduces it to inactive malic and 
ethylene succinic acids. Its salts closely resemble those of tartaric acid, but do 
not show hemihcdral faces ; the acid potassium salt is appreciably more soluble 
than cream of tartar ; calcium salt, C4H40,Ca+4lIjO, dissolves with more 
difficulty than the coricsponding salts of three other tartaric acids. Dilute 
acetic acid and ammoimim chloride do not dissolve it. It is formed on mixing 
'>olutions of calcium dextro- and Izevotartratcs ; barium salt, C4H404Ba-i-2iH,0, 
or 5H1O (A. 292 , jit). Racemic changes of the racemates (B. 32 , 50, 857). 

Optical Resolution of Racemic Acid. — When Pasteur was 
stud5dng racemic acid he discovered methods foe the decomposition 
of optically inactive bodies into their optically active components, 
which were briefly considered in the introduction (p. 57): 

(r) Pcnicillium glaucum, growing in a racf^mic acid solution, 
destroys the dextro-tartaric acid, leaving the l-tartaric acid un¬ 
attacked. 

{2a) From a solution of sodium ammonium racemate the unaltered 
salt, without hemihedral faces, separates above +28° (B. 29, R. 112). 
When the crystallization takes place below +28°, brge rhombic crystals 
form, some of wliich show right, others left hemihedral faces. Re¬ 
moving the similar forms, or by testing a solution of the crystals with 
a solution of calcium dextro-tartrate (A. 226, 193), the former will be 
found to possess dextro-rotatory power and yield common tartaric 
acid, whereas the latter yield the laevo-acid. 

{zb) A solution of cinchonine racemate yields, on the first crystalliza¬ 
tion, the more sparingly soluble laevo-tartrate. If only half as much 
cinchonine, as is necessary for the production of the acid s ilt, be intro¬ 
duced, then two-thirds of the calculated quantity of cinchonine Isevo- 
tartrate will separate (B. 29, 42). Quinicine dextrotartrate is the first 
to crystallize from a solution of quinicine racemate. 

Esters of Racemic Acid: Dimethyl ester, m.p. 85®, b.p. 282®, is produced 
from racemic acirl, methyl alcohol, and HCl. It can be mad<’ by fusing together 
the dimethyl ester of dextro- and laevo-tartaric acids. It is obtained pure by 
distillation under reduced pressure. In vapour form it dissociates into the 
dimethyl ester of the dextro- and kevo-tartaric acids (B. 18 , 1397; 21 , R. 
643). 

Diacetyl Racemu Anhydride, (CsHj04)sC4Ht0s, m.p. 123® (B. 18 , IZ7S)« 
Dimethyl Diacetyl Racemic Ester, (C,H,0,)jC4H,04(CHj)j, m.p. 86®, results 
from the action of acetyl chloride on the dimethyl ester; and upon evaporating 
the benzene solution of the dimethyl- 1 - and d-diacetyl tartaric esters (A. 247 ,115). 
Nitrile of Diacetyl Pyroracemic Acid, CH,CO.OCH(CN).CH(CN)O.C<XH|. m.p. 97®, 
is produced together with the nitrile of diacetyl mesotartaric acid, when acetic 
anhydride acts on the liquid portion of the additive product resulting from 
HNC and glyoxal in alcohol (B. 27 , R. 749). 

Imides : Methyl-, ethyl-, and phenyl-imides, m.p. I 57 °» i 79 ®. and 235® (B. 80 , 
30AO). The anil of diacetyl racemic acid, m.p. 94 ‘’» results when PCI* acta 
onwhe anilic acid, and when the Anils of d- and \-Diacetyl Tartaric Acids^ m.p. 
Z26®, combine (privately communicated by AnschUtM and ReiUer), 
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(2) Dextro-rotatory or Ordinary Tartaric Acid (Acidum iafiaricum), 
m.p. 167-170® (B. 22 , i8i< 4), is widely distributed in the vegetable 
world, and occurs principally in the juice of the grape, from which it 
deposits after fermentation in the form of potassium hydrogen tartrate 
(argol). It results on oxidizing methyl tetrosc, saccharic acid, and 
lactose with nitric acid. 

Ordinary tartaric acid cr5^tallizes in large monoclinic prisms, 
which dissolve readily in water (i part in 076 parts at 15°) and 
alcohol, but not in ether. Its solution rotates the ray of polarized 
light to the right, but a very concentrated aqueous solution at low 
temperatures turns it to the left (B. 32 , 1180). When it is heated 
with water to 165° it changes mainly to mesotartaric acid; at 175® 
the racemic acid predominates. Also, boiling with concentrated 
aqueous alkali converts d-tartaric acid partially into racemic and 
mesotartaric acids (B. 30, 1574). It also forms racemic acid when it 
is brought togethej with a concentrated solution of 1-tartaric acid, 
P}rroracemic and pyrotartaric acids (p. 50) are products of its dry 
distillation. 

When gradually oxidized, d-tartaric acid becomes dihydroxyfumaric 
acid (p. 607), dihydroxytartaric acid, and tartronic acid (p. 549); 
stronger oxidizing agents decompose it into carbon dioxide and formic 
acid. 

Hydriodic acid reduces it to d-malic and ethylene succinic acids. 

d-Tartaric acid is applied in dyeing or colouring, as an ingredient of 
effervescing powders, and as a medicine. Nearly all of its salts meet 
with extended uses. 

Salts. Taftfoies .—^The normal poiasstum salt^ C4H40«K,+iH,0, is readily 
soluble in water ; from it acids precipitate the salt, C4H40,K, which is not very 
soluble in water, and constitutes natural argol (Cremor tartan) ; potassium sodium 
tartrate, C4H40,KNa+4Hj0 (Seignette salt\ crystallizes in large rhombic prisms 
with hcmihcdidl faces; sodium ammonium salt, C4H40jNa(NH4)+4lI,0, is 
obtained fiom sodium ammonium racemate; calcium salt, C4H404Ca-hHj0, is pre¬ 
cipitated from solutions of normal tartrates, by calcium chloride, as an insoluble, 
crystalline powder. It dissolves m acids and alkalis, and is reprccipitated as 
a jelly on lulling—a reaction serving to distinguish tartaric from other acids. 
(See also Calcium Racemate ) 

Lead salt, C4H404Pb. Copper salts are not precipitated by alkali hydroxides 
in prescind of tartaric acid. When cupric hydroxide is dissolved in tartaric 
acid aad aqueous alkali, double salts are formed, such as cupric .sodium ditartrate, 
C4HaCi,CuNa,-|-C4Ha04Na4-|-isHj0 (B. 32,2347). A solution of copper sulphate, 
tochclle salt, and sodium hydroxide is known as Fehling's solution, and is employed 
in the quantitative analysis of certain sugars (p. 62^). 

Tartar Emetic. — Potassio-Antxmonyl Tartrate, Tartarus emiticus, Tartarus 
stibiatus, COOK.CHOH.CHOH.COOSbO-|-iH, 0 . or C4ll40,:Sb0K+iH,0. or 

CO,K[CHOH],COOSb<Q>Sb.OCO[CHOH],.COOK+H ,0 (B. 16 , 2386), is pre- 

pared by boiling cream of tartar with antimony oxide and water. It c^stal- 
fizes in rhombic octahedra. which slowly lose their water of crystallization on 
exposure and fall to a powder. It is soluble in fourteen parts of water at lo*. 
Its solution possesses an unpleasant metallic taste, and acts as an emetic. See 
B. 29 , R. 84; 28 , R. 463. for the corresponding arsenic compound. 

Dextro-tartaric Acid Esters, ROOC.CH(OH)CH(OH).COOR (comp. Racemic 
Esters), are obtained as follows: the acid is dissolved in methyl or etitiyl 
alcohol, hydrochloric acid gas is passed through the solution, and the liquid 
is distilled under diminished pres.sure. PCI, converts them into esters of chloro- 
malic acid (p. 605) and chloroluniaric acid. The esters constitute the first 
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homologous* series of optically active substances, of which the rotation of the 
plane of polarized light was investigated (Ans^ittx and Pictet, B. IS, 1177; 
• comp. B. 27 , R. 51 x, 621, 725, 729; B. 28 , R. 148; C. 1898, II. 17). Dimethyl 
Ester, m.p. 48®, b.p.f^Q 280* [a]D**—+2*16, Diethyl Ester, fluid, b.p.,,^ 280® 
[a]u*®=-h266. /)t-n.-^ro^yi Es/tfr. fluid, b p. ,10 303® [a]D*® =+ 12'44. 

The action of iodo-alkyls and silver oxide is to produce ethers by substitution 
of the alcoholic hydroxyl groups of the tartaric esters. Thus, d-tartaric ester 
is converted by iodomethanc and silver oxide into d-Dimethoxysucctnic Dimethyl 
Ester, CHjO,C.CH(OCHa)CH{OCrT3)COaCa„ m.p. 51®, b.p-i, 132®. which, on 
hydrolysis with barium hydroxul*' solution, yields d-Dtmethoxysuccin%c Acid, 
m.p. 151®. These ether-esters aie also produced from silver tartrate and iodo- 
alkyls. But if sodium ethoxuU ib jirescnt during reaction lietween tartaric estci s 
and iodo-alkyls there results a nnxtuie ot sym.- and unsym.-dialkoxysuccinic 
esters (p. 566), which can also be produced by the action of sodium ethoxide on 
sym.-dibromosuccinic ester (C. 404 I 1901, II. 401). 

Afono- and Dt-formal ! artaric Acids. 

O -CH ,0 /OCH—CHO. 

I I and CH,< | | >CH, 

HO.C.CH-CH.CO,H N^CO COO ^ 

« 

(C. 1903, I. 1,6). 

Diacetyl d-l'artaric Anhydride (CaHaO)sC4H,08, m.p. 1^5®, is prepared by 
treatment of tartaric acid with acetic anhydride and a little sulphuric acid. 
Pyridine acetate at o® produces the pyridine salt of hydroxymaleic anhydride 
(p* Sb*)). Diacetyl Tartaric Dimethyl Ester, m.p. 103®. Diaceiyl Tartaric Dianilide, 
m.p. 214® (A. 279 , 138). Diacetyl d-Tartanc Anti; ste Uiacetyl Racemic Anil 
(p. ()02). Other imidcs (B. 29 , 2710). 

Nitrotartaric Acid, Dinitrotartaric Acid, (N0|0)sCsH|(C02n)t, is obtained 
from tditanc acid by the action of nitric and sulphuric acids. It dissolves 
readily in alcohol and ether, and is insoluble in benzene and chloroform. 
[a]D*® = +13’5® in methyl alcohol. In aqueous solution the substance decomposes 
into dihydroxytartaric acid (p. 607), CO,H.C(OH)*.C(OH)jC02H, which breaks 
down further into COj and tartronic acid. Dinitrotartaric Esters: Dimethyl 
Ester, m.p. 75® ; diethyl ester, m.p. 27®. Mononitrotartaric esters, RO,C.CH(ONO,)- 
CH(OII).CO,R: dimethyl ester, m.p. 97®: diethyl ester, m.p. 47®. Both the 
series of comjx>unds are formed together when tartaric esters are treated with 
nitric and sulphuric acids (C. 1903, I. 627 ; B. 38 , 778). 

(3) Laavo-Tartaric Acid, m.p. 167-170®, is very similar to the 
dextro-variety, and only differs from it in rotatin(< the ray of polarized 
light to the It ft. Their salts are very similar, and usually isomorphous, 
but those of the Isevo-acid exhibit opposite hemihedral faces. 

‘ The dimethyl ester has the same melting and boiling poinfs as the 
dimethyl ester of d-tartaric acid (see above); comp, also rai:emic 
acid esters (p. 602). In the description of racemic acid the method 
by which 1-tartaiic acid could be obtained from it was exhaustively 
considered (p. O02). In concentrated solution it combines with 
d-tartaric acid and yields racemic acid. 

(4) Inactive Tartaric Acid, Mesotartaric Acid, Antitartaric Acid, 
is obtained when parasorbic acid and erythritol are oxidized with 
nitric acid, or (together with racemic acid) when dibromosuccinic acid 
is treated with silver oxide (p. 601); and maleic acid or phenol with 
potassium permanganate (B. 24 , 1753). It is most readily prepared 
by heating common tartaric acid with water to 165° for two ^ys. It 
contains one molecule of water of crystallization. 

Calcium Salt, C4H40|Ca4-3H|0 (A. 226 , 198); barium salt, C4H404Ba- 
+H «0 (A. 2989 3x5); dimethyl ester, m.p. iii®; diethyl ester^ m.p. 34*, 
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bpn 156* (B 21,5x7) Mesotartaronitnle, CN CH(OH) CH(OH)CN, mp X3i* 
vith decompo«iition, is produced by the addition of hydrocyanic acid to glyoxal, 
dissohcd in tilcohol* T>xacety\*Mesotariavon%iv%le^m-^ 76® (B 27 . R 749) 

Cbloromall^ K'*\(L,a-ChlofO fi-hydroxy-succxnxcCster^'tiOJZ CII(OH)CHCl CO,H, 
in p 143® and Bromomallc Acid, m p 134®, are obtained from fumaric or maidc 
acid by the addition of HCIO or HBtO (m the form of chlorine or bromine 
\«ater] When heated they decompose into water and chloro- and bromo-mal^c 
acids, wlicn boiled with water they break down into CO,, the halogen acid, 
aldehyde, and a mixture of racemic and mesotartaric acid The acids are optically 
inactive If, however, d tartaric ester is treated with PCI, or PBr,, X-chlorofnaitc 
ester and X’-bromomahe ester result (B 28 ,1291, A 848 , 273) 

< CH CO,H 

I f m p. 
CH CO,H 

203®, IS prepared from chloro- and bromo>malic acid by aqueous sodium 
hydroxide, HBr and HCl regenerate the original acids When boiled with water 
it breaks down into racemic and mesotartaric acids , dimethyl ester, m p 73® , 
dta'^itde mp 225® with decomposition, dtchlortde, mp 53®, bp,, 90^3® 
(A 848 , 299) 

Dtamtnosucctnic Acid, CO,H CH(NH,)CH(NHt) CO,H is formed when 
the diphenylhydi izoxft of dioxosuccimc acid (p 60S) is reduced with sodium 
amalgam The o ic acid corresponds with mesotartaric acid (p 604) the other with 
racemic acid (p r or) as has been proved by conversion into these acids , diethyl 
ester b p t, 160-105® Dtaceiyl Dtamtnosucctnic Diethyl Lster, m p 160® (B 88, 
1589) Reaction with ont moUcule of nitrous acid produces Hydroxyamtno- 
succtmc Jcid HO,C C H(NII,)CIl(OH) CO,H, mp 314-318® (C 1905,1 1890, 
see also A 848 , 307) 

Dtantltnosucctntc Cster CO,CaH, CH(NHC,H,)CH(NHC,H5) COjCjH,, mp 
149®, IS obt lined from dibromo and isodibiomo succinic ester and alcoholic 
aniline heated to too® (B 27 , 1604) 

CH—CO,C,H, 

Infinosucct tie Monoethyl Ester, NH<f I m p 98®, is prepared 

^CH CO,H 

ftom immosuccinic monocster amide a product of the reacbon of alcoholic 
ammonia ind dibromosuccinic ester (B 25,646) 

Aztnsucctmc Vster (CO,t 2 Hb),C ,11, Is, C,Ha(CO,C,H5) is obtuned from 
diazoacetic cstti an isomcni, ester is obtained from diazosiiceimc ester (B 29 , 

763) 

X(C11,) CO,H 

Oxyettrarome Acid, 0 ^ 1 decomposes at 162® It is formed when 

H CO,H 

w'Chlorocttramahc letd m p 1^0® the addition piodnd of HCIO and citracomc 
acid istreii d witli all ihh>dtoxid Hydrochlonc icul changes it to^-CA/oro- 
citramedic And m p 162® with decomposition (A 253 , 87) 

, CH,-CO^ 

Hydyoxypuracomc Actd | ™ P *04*. prepared fiom 

HO ,0 C(OH) CH, 

itacoilic acid (p 515) and potassium permanganate 

CH,C(OH) CO,H 

Dimethyl Racemic Actd I 4‘H,0,m p 178® with decomposition, 

CH,( (OH)rO,H 

is fonned (i) from p> roraci mu jcicl (p 407) by reduction (B 25,397) and(2)from 
diacetyl (p 41;) by the aclion of HNC and hydrochlonc acid (H 22 , R 137) 

C Glutarlc Acid Derivatives 

ap^Dthydroxygluiarti Actd HO,CCH{Ori)CH(OH)CH, CO,H mp 158®, is 
formed from the bromine addition product of glutaconic acid 01 from the latter 
by permanganate An opticslly active form of this acid has been obtained by 
the break-down of mctasaccliTropentose (p 620) (B. 38 , 3625) 

ay’Dihydroxyglutartc Actd, HO,CCH(OH)CH,CH(OH)CO,H mp iso®; 
lactone actd, m p 165®, is formed from ay dihydroxyprop nc aay tricarboxylic 
acid (the oxidation product of isosacchanne, p 620) bv loss of CO, (B 18 , 2576, 
88, 3624) 
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ay-Dihydroxy-ay-dimethyl-ghUaric Acids, *^>C(OH)CH|C(OH)<Qy*^i 

r exists in two modifications, both of which arc pripared from acetyl acetone and 
hydrocyanic acid (B. 24 , 4006 ; 25,3221). Theone, m.p.gS^isobtamedinenantio- 
morphous crystals from ether; the other readily passes into the lactonic acid, 
m.p. 90®, which, when heated, forms a dilactone, m.p. 105®, b.p. 2$$^, afi-Dihydroxy~ 
yy-dimethyl-glniaric J^acionic Acid (p. 570); ay-Dihydroxy-pp-dimeihyl-glutaric 
Actd, (CH,),C[CH(OH)COgH],; lactomc acid, m.p. 146® (C. 1901, II. log); 
ay~Dikydroxy~ and py-trimethyl-glutaric Acid (B. 28 , 2940). 

D. Adipic Acid Derivatives and Higher Homologues. 

aa-Dihydfoxyadipic Actd, HOiC.CH(OH)CH,CHtCH(OH)CO,H, exists in 
two forms wliich arc produced from the corresponding aa-Dtbromadipic Acids, 
m.ps. 139® and 193®, which occur together after the bromination of adipic acid 
chloride (C. 1908, I. 2021). The racemic form, m.p. 146®, is resolved by moans 


of cinchonidine, and when heated yields a dilactone, OCOCHCH,CH,CHCOO, 
m.p. 134®; mesQ'form, m.p. 173®, is not resolvable, and when heated gives a 
lactone lactide. 

CH,CH(NH,)CO,H 

oarDiarntnoadiptc Acid, | , decomposes at 275®, is pre- 

CH,CH(NH2)C02H 

pared by decomposition of ethylene bis-phthallmidomalonic ester, a product 
of reaction of ethylene bromide and sodium phthalimidomalonic ester (p. 550). 
Similarly, aardxaminopim lie acid is formed from trimethylene bis-phthalimido- 
maloiuc ester (C. 1908, II. 682). 

NH,.CHCH,CO,H 

BBi’Diaminoadipic Acid, | -fHgO. 

NHj.CHCHgCOjH 


I ■ ■ ! ! > 

The dilactam, OCCH2Cn(NH)CH{NH)CHjCO, m.p. 275®, is formed by heating 
muconic acid or muconic amide (p. 522) with ammonia to i ^5-150® ; also by reduc¬ 
tion of dicyanod'malonic e.ster, (UOaC)2.CHC(NH).C{NH)<'ll(COjR)a (p. 655), 
and subsequent hydrolysis and abstraction of CO, (B. 36 , 172). 

afii~Diaminosttberic Acid, axii~Diamtnosebacic Acid, aa^-Dtaminoazelaic Acid, 
are prepared from the corresponding dicarboxylic acid by bromination and 
reaction with two molecules of NH,. When heated they break down into COg 
and alkylene diamines (p, ^33) (C. 1905* 462 ; i9o6» li- 764). Dimethyl 

Dihydroxyadipic Acids are formed from acetonyl acetone and hydrocyanic acid 
(B. 20 , 819). CineoHc Acid, C^gHnOg. is the anhydride of a-hydroxyisopropyl 
a-methyl a-hydroxy-adipic acid, comparable to the alkylene oxides (see Cincol, 
Vol. II.). 

Dihydroxysuberic Acid and Dihydroxysebacic Acid ; see Adipic Dialdehyde 
and Suberic Dialdchydes (p. 348) (C. 1905, II. 462 ; 1907* if- 1236). 

DIhydroxy-oleflne-carboxylic Acids. ' 

Dihydroxymaleic Acid, nOgC.C(OH):C(OH).COgH+21120, may perhaps be 
looked on as bc^ing oxalohydruxyacetic acid, HOgCCO.CTI(OH)COgH (A. 857 , 
291). It is formed when tartaric acid is oxidized with hydrogen peroxide in 
presence of small quantities of ferrous salts in sunlight. A warm solution of 
HBr in glacial acetic acid converts it into an isomeric body, probably dihydroxy- 
fumaric acid. When heated with water it decomposes into 2CO1 and glycol 

HOgC,C:CHN 

aldehyde \ ammonia produces Pyraxine Dicarboxylic Acid, I .• II 

N:CHC.CO,H 

Oxidation of the sodium salt of dihydroxymaleic acid with bromine in acetic 
acid gives rise to sodium dihydroxy tartrate (p. 608); whilst oxidation with ferric 
salts produces glyoxyl carboxylic acid (p. 545) (C. 1905. II. 456). Diacetyl 
Dihydroxymaleic Acid, m.p. 98®. See also Dich!oro~ and Dibromo-maleic Acid$, 
and their decomposition products (p. 314) (B, 38 , 258). 
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IX. HTDROXT-KBTO-DICABBOXTLIC ACIDS. 

Ethoxyoxalacetic Ester, C]H50|C.COCH(OC|H|)COtC|H,, b.p.,i t55*, 
prepaxed from oxalic * ester and ethyl glycollic ester. When distilled under 
ordinary presAire it gives ethoxymalonic ester (B. 81 * 552). See also Dihyaroxy- 
malelc Acid (above). 

NUfihsttccinic Dimethyl Ester, I , b.p.|g 154^, is produced 

-CO,C,H, 

by the reaction of the silver salt of d-oximidosuccinic ester (p. 567) and iodo- 
ethane and subsequent distillation (B. 28 , R. 561; 24 ,2289). 

Glycolyl Malonic Acid; y-Hydroxyacetoacetic a-Carboxylic Acid, HOCHj- 
COCH (COtH)a, is a hypoth etical acid, from which is derived Tetronic a-Carboxyhc 

ester, c!)CH|COCH(CO|R)(I^O; methyl ester, m.p. 172^ with decomposition; ethyl 
ester, m.p. 125**. The substances are prepared from sodium malonic ester and 
acetyl gly collic chloride o r chloracetyl chloride, of which the desmotropic 

aci’form, <!)CH,C(OH):C(CO,R)CO, are strong acids like tetronic acid itself 
(p. 544) into which they pass on hydrolysis and loss of CO,. Sodium cyan- 
acetic ester and chloracetyl chloride produce Chloracetyl Cyanacetic Ester, 
ClCH,COCH(CN)CO,I 4 ; methyl ester, m.p. 73®: ethyl ester, 43®. The silver 
salt and iodoethane yield the O-ethyl ether of the aci-form, ClCH,C(OC,n5);- 
C(CN)CO,C,H„ m.p. 94®, which with ammonia gives the flw»«o-compound, 
ClCH,.C(NH,):C(CN)CO,CH,. m.p. 129®. The sodium salt of chloracetyl 
cyanacetic ester, however, reacting with ammonia forms a lactone— Cyanoketo~ 

pyrrolidone, ilHCH,COCH(CN)CO, m.p. 221® with decomposition (B. 41 , 
2399). Homologous with the tetronic carboxylic esters is Carbotetrinic Ester, 


£ 


CH,COCH(CH,COiCiH 8)CO, m.p. 96®, which results from distillation of 
bromacetos'jccimc ester. 

CH3C(CO,H)CH,x 

a^lfetO’y^alerolactone yCarboxylic Acid, \ /CO, m.p. 117®, 

O- -CO^ 


results from the spontaneous decomposition of pyroracemic acid (p. 407), or 
more quickly under the influence of hydrochloric acid. It reacts also in the 
tautomeric cnol-form, yielding a-phenylky dr ozone, which, on cleavage of the 
lactone ring and loss of water passes into phenyl methyl pyridaxone carboxylic 
CH,C—CH C.COjH 

acid, i II (Vol. II.). Alcoholic hydrochloric acid converts 

CON(C,H,)N 

the keto-valc rolactone acid into y-Methyl Ketoglutaconic Ester, CH,C(CO,C,H,):- 
CH.COCOjCjH,, b.p.„ 183®, whilst hot strong hydrochloric acid produces 
pyrotartaric acid (p. 493) (A. 817 , i ; 819 ,121; C. 1902, II. 508 ; 1904, II. 193). 

C,H 5 C(C 0 ,H).CHCH, 

a^Keto-^^methyl-ycaprolactone-ycarboxylic Acid, \ | , m.p. 

O—CO—CO 

128®, produced from a-methyl oxalacetic ester (p. 567) by 70-80 per cent, 
sulphuric acid (B. 85 ,1626). 


X2. DIKEl'ONE DICARBOXYLIC ACIDS 

/ C(OH),.CO,H 

v( Dlhydroxytftrtarlo Acid, | > ni.p. 98® with decomposition, is ob- 

C(OH),.CO,H 

tained (i) 'whcn protocatcchuic acid, pyrocatechin, or guaiacol (Vol. II.), in 
ethereal solution, is acted on with nitrous acid ; (z) by oxidation of dihydroxy- 
malcic acid; and (3) by spontaneous decomposition of nitrotartaric acid (see 
A. 302 , 291, footnote). 

It was formerly regarded as carboxytartronic acid. C(OH)(CO,H)|. Its 
formation from the benzene derivatives just cited is proof for the assumption that 
in benzene one carbon atom is combined with three other carbon atoms. However, 
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K$kiiU removed the basis from this assumption when he showed that the body 
supposed to be carboxytartronic acid could also be made from nitrotartaric 
acid by the action of an alcoholic solution of nitrous acid* and then by reduction 
be converted into racemic and mesotartaric acids. He therefore named it dihy- 
droxytartaric acid, for it sustains the same relation to tartaric acid that glyoxylic 
acid bears to glycollic acid, and mcsoxalic acid to tartronic acid (A. 221 , 230). 
Glyoxal is formed when sodium dihydioxytartrate is acted on with sodium 
hydrogen sulphite. The sodium salt, C4H40,Na,+2H,0, is a sparingly soluble 
crystalline powder, which can be employed for precipitating the acid and for 
the estimation of sodium (C. 1898, 1 . 688). Other salts (C. 1898, II. 276; X905> 
II. 397 )- 

The dihydroxytartaric esters are not known. Dihydroxyketosucdnic Diethyl 
Ester, CO,CiH*,C(OH)aCO.CO,CaH5, m.p. ii6*, is, however, known, consisting of 
colourless crystals, produced on adding water to Diketosuccinic Diethyl Ester, 
CO,C,Hg.COCO.CO,CsH», b.p. 230®, b.p.i* 116®, 0*^=1*1896, and subsequent 
distillation under diminished pressure. Hydrochlonc acid acting on sodium 
dihydroxytartaric acid suspended in alcohol produces the dioxosuccinic diethyl 
ester. It is a thick liquid with an orange-yellow colour (B. 25 , 1975) (comp, 
a-diketones, p. ^49) When it is boiled under a reflux condenser CO splits on, 
and oxomalonic ester (p. 50^) and oxalic ester result (B. 27 , 1304). 

Oximss. Dioximxdosuccinic Acid, HO*C.C(NOH)C(WOH).CO*H, and its 
esters have been obtained in different stereomeric forms (C. 1908, I. 1042, etc.). 
The dioxime anhydride, Furaxan Dtcarboxylic Acid (i) is prepared by oxidation 
of dimethyl furazan (comp. p. 355); the dioxime peroxide of the ester (2) from 
isonitrobo-acetic ester (p. 405) or isonitroso-acetoacetic ester (p. 546) and nitric 
acid. It is an easily decomposable oil (B. 28 , X213). 

/N= 0 -CO,H O—N=C—CO,R 

(I) o<; , i I 

=C-~C 0 ,H O—N—CO,R 


Hydrazones. Hydraxone Fyraxohne Carboxylic Acid (i) and Pyraxolono^ 
pyrazolone (2) ni ly be taken as being the lactaxam and dilactaxam (comp, p, 406) 
of the mono- and dthydraxone of diketosuccinic acid (see Vol. 11 .). 


(i) NH 


,N=C.CO,H 

^0“i=N.NH, 


/N=C CO, 

(2) NH<; >NH 

\CO.C=N/ 


Diketosuccinic Ester Monopkenylhydraxone, C|H|NH.N:C(CO|CtHQ).CO.* 
COiCgH*, m.p. 73°, IS formed from oxiacetic ester (p. 566) and diazobenzene. It is 
converted into the stereomeric Hydraxone, m.p. 127*, by sodium alcoholate (C.1904, 
1 .580). The o!>axone of diketosuccinic acid readily passes into the lactaxam. Phen yl- 

hydraxone Phenylpyraxolone Carboxylic Acid, C*H4l!r.N:C(CO,H)C(NNHC,H5).io, 
the basis of the dye tartrazine. Diketosuccinic Diethyl Ester Osaxone 
C(CO*C*Hg)]* is known in three modifications, a-, m.p. 121® ; )S-, m.p. 137®; 
y-, m.p. 175*. The a-form gradually passes spontaneously into the ) 3 -substance, 
a change which is accelerated by iodine or sulphur dioxide. All three forms are 
readily converted into pyrazolone compounds. 

Oxalodlaoetlo Acid, Ketipic Acid, HO*CCH|.COCO.CH*CO|H, is precipitated 
from the ester by concentrated hydrochloric acid, as a white insoluble powder. 
Heat decomposes it into aCO* and diacetyl. The ester, CtHjO,CCHj.COC 5 D.CHj- 
COiC|Hg, m.p. 77®, is prepared, similarly to oxalacetic ester (p. 566) from a 
mixture of oxalic ester and two molecules of acetic ester by the action of sodium 
(B. 20 , 59X); also, from oxalic ester and chloracetic ester and zinc (B, 20 g 202). 
An alcoholic solution of the ester is given an intense red coloration by ferric 
chloride. Chlorine and bromine produce tetrachlor- SLud’^tetrabrom-oxalMacetic 
ester. The first, known as Teirachlorodiketoadipic Ester, is also obtained by fixe 
action of chlorine on dihydroxyquinone dicarboxylic ester (B. 20 , 3183). The 
osazone of oxalodiacetic ester can be converted into di~X'i>henyl*^,^*iis~pyraxoltms 
(Vol. II.) (B. 28 , 68). 

a-OxUlacetoacetic Ester, HOjCCO CH(C0CHg)C03H, is not known, but a deri¬ 
vative, a’CyaniminomeihylaceticEster, NCC(N’H)CH(C0CHg)C09CjH8, m.p. 122®, 
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has been piepared from dicyanogen and acetoacetic ester by the action of 
sodinm ethomde (comp. p. 417). Adds or secondary amines convert it into 
the various posdble desntotropic'modifications of the enol t^^, into two isomeric 
forms, m.ps. X7V and 2x1^ and with absorption of water into a-acetyl p-imituh 
succinamic ester, and finally into a-acetyl P~imino5%suinimide (A. 882 » 104). 

y^Oxaio-a dimethyl-acetoacetic Ester, CaH ,OaC.CO.CH aCOC(CHa)aCOtCaH^ 
is obtained by condensing oxalic ester and a-dimethyl acet^cetic ester. When 
distilled under ordinary pressure there is a partial loss of CO. The free add, 
m.p. 180* with decomposition, into CO, and (CHs)tCHCO.CHgCOCO|H. Oxalo~ 
dimethyl^acetoacetic Ester, CaHfO,C.CO.CH|C(CiH,)sCOsC(Hg, b.p. 275-285* 
with decomposition, into CO and a-dimethyl acetone dicarboxylic ester (p. 569). 
These esters are in general similar to oxalacetic ester (B. 88, 3432). 

hs'OxdolaviUimc Acid, ye-Diketopimelic Acid, HOgC.CO.CHsCOCHaCHaCOtHf 
m.p. 100-125**, is obtained from its ethyl ester, m.p, 19**, the condensation product 
of oxalic ester and lacvulinic ester by warming the two esters with sulphuric 
acid. When heated the acid breaks down into COg, CO, and hevulinic acid. 
Reduction produces n.-pimelic acid (B. 81 , 622). 

cLai-Diketopimehc Acid, CHg(CH,COCOjH)„ m.p. 127®, is obtained from 
methylene bis-oxalacetic ester by hydrolysis and loss of COg. '^^en treated with de¬ 
hydrating agents there isformed Pyran Dicarboxylic Add, CHg<Q^ 

decomposes at 250® (Vol. II.) (C. 1904, II. 602). 

hym.~Diacelyl~ or Diacetosuccinic Actd, CglligO,; ethyl ester is formed by 
electrolysis or the action of lodmc on sodium acetoacetic ester (A. 201 , 144; 
B. 28 , R. 452): 


CHgCO.CHNa.COgU CHgCO.CH.COgR 

-f I, I -f-2 Nal. 

CH3CO.CHNa.('OiR CH3CO.Cn.COjR 

Theory demands the existence of 13 isomeric forms of this body—two optically 
active, and two optically inactive keto-forms, three cis-trans isomers of the 
double *enol*fonu, and four optically active and two racemic mixed keto-cnol- 
forms. Of the seven optically inactive modifications, five are known : fi and y- 
keto-forms, m.ps. 90® and 68®: ai-, ag-, and aj-enol-forms, m.ps. liquid, 21® and 
31® (A. 306 , 332). When heated or acted on by acids, diacctosuccmic ester 
is converted into carbopyrotritanc ester (a derivative of furfurane); ammonia 
and the amines produce pyrrole derivatives—'a reaction which serves to identify 
the substance (B. 19 , 46). Phcnylhydrazinc reacts as it does with acetoacetic 
ester, forming a bis-pyrazolonc derivative (A. 238 , 168). 

When boiled wuh pohish solution the ester undergoes the ketonic change 
into CO3 and acotonyl acetone (p. 35o)» 

nx\8ym.~Diacctosuccintc Ester, (CHgCO)gC(COgCgHg)CHgCOgCgHg, b.p. 275, 
is formed from sodium acetosuccinic ester and acetyl chloride (J. pr. Ch. [2] 65 , 
532 )* 

* CHjCO.CHCOgH 

oB’-Diacetoglutaric Actd, \ Its diethyl ester is obtained 

• CHjCO.CHCHjCOgH 


from sodium acctoacctic ester and ^-bromolaevulinic ester (p. 423). Being a 
y-diketonc compound, it unites with ammonia and forms a pyrrole derivative 
(B. 19 , 47). 

CHjCO.CH-COgCgHg 

ay • Diaceloghitane Ester, >CHg , is formed from form- 

CHjCO.CH-COgCgHg 


aldehyde aiid acetoacetic ester in the pretence of small quantities of a primary or 
secondary amine (Knoevenagel, A. 288 , 321 ; B. 31 , 1388). It passes readily into 
a tetrahydrobenzene derivative. The ^-alkyl-ay-diacetoglutaric esters prepared 
from the homologous aldehydes behave in a similar manner. 


iJ^^Diaceto^adipic Acid, 
VOL« I. 


CH,CH(COCHg).CO,H 

(i;H,CH(CXXH,).CO,H' 


Ethylene bromide acting 


a E 
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on two» molecules of sodium acetoacctic ester, forms its diethyl ester. Phenyl- 
hydrazine converts it into a bis-pyrazolone derivative (B. 19 , 2045). 
Diaceto~d%methyl‘ptmehc Acid (B. 24 , R. 729). ' \ 

CH,COCHiCH,CO,H 

Dilavulinic Acid, [4,7-Dccane dione diacid,] | , results 

CH,COCH,CH,CO.H 

when alcoholic hydrochloric acid acts on S-furfural laevulinic acid (A. 294 ,167). 
Iodine converts disodium diacciosuccinic ester into diacetofumaric ester, 

CHfiO.CCO^K 

1 | , m.p. 9G* (B. 30 , 1991)- 

CH,CO.C.CO,R 

Methenyl Bis - acHoacetic E$lei. CH =C<co£‘y***—see 

ethoxymcthylene acctoacctic ester (p. 546). 


13. HYDROXYTRICARBOXYLIC ACIDS 


Citric Acid, Hydroxytricarhallylic Acid (Acidutn citriciim), CO2H- 
CH2.r{0H)(C02H).CH2C02H+H20, m.p. (anhydrous) 153®, occurs 
free in lemons, in currants, in cranberries, in beets, and in other acid 
fruits. It is obtained on a commercial scale from lemon juice, and by 
the action of certain ferments, such as Citromycetes pfefferianus and 
glaber (B. 26 , R. 696 ; 27 , R. 78, 448). 

The acid can be prepared synthetically from ^-dichloracetone ; 
this is accomplished by first acting on the latter compound with 
hydrocj^anic acid and hydrochloric acid, whereby dichlorohydroxyiso- 
butyric acid is formed, which is then treated with potassium cyanide 
producing a cyanide, which is hydrolyzed with hydrochloric acid: 


CH,C1 CH.Cl CIljCl CHaCN CHjCOgH 

III I I 

CO - > C(OII)CN- > C(OH)('OaH- ^ C(01I)C0aH-^ C(OH)CO,H 

II I I ‘I 

CHjCl CHjCl CHjCI CHjCN CH.COaH 


Further, citric acid is fonned from acetone dicarboxylic ester, 
C0(CH2.C02R)2 (P- 568), by the action of HNC and hydrochloric acid : 
sym.-citric dimethyl ester amide and sym.-citric dimethyl di-ester 
(p. 611) are obtained as intermediate substances : 

CHfCOaCHa CH,.COaCH, CHj.COaCH. CHa-COaCH, CH.-pOaH 

do ^ C(OH)CN C(OH)CONHa ■> C(OH).CO^H -> C(Olf)CO.H 

III II 

CHa.CO|CHa CHaCOaCH* 011,00,011, CHa.OO,CHa CHaOOaH 


Properties .—Citric acid crystallizes in large rhombic prisms, which 
dissolve in 4 parts of water of 20°, the anhydrous acid crystallizes 
mostly anhydrous fiom its solutions (B, 36 , 3599 )- It readily dissolves 
in alcohol and with difficulty in ether. The aqueous solution is not 
precipitated by milk of lime when cold, but on boiling the tertiary 
calcium salt separates, which is insoluble, even in potassium hydroxide 
solution (see Tartaric Acid). 

When heated to 175® citric acid decomposes into aconitic acid 
(p, 594). Rapidly heated to a higher temperature aconitic acid breaks 
^wn into water and its anhydride add, which changes to CO2 and 
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itaconic anhydride, and the latter in part to citraconic anhydride (B. 
13 , 1541). Another portion of the citric acid loses water and CO2, 
becoming coilverted thereby into acetone dicarboxylic acid, which 
immediately splits into 2CO2 and acetone : 


CH,CO,H 

C(OH)CO,H- 

CHjCOjH 


CHCO,H 

II 

C.CO.H - 

CHjCO.H 

CH,CO,H 

^ I 

CO 

t 

CH,CO,H 


CHCOjH 

II 

CCO~v 

I >0 

CHjCO/ 

CH, 

I 

> CO 
CH, 



It breaks up into acetic and oxalic acids when fused with potassium 
hydroxide, and by oxidation with nitric acid. Acetone dicarboxylic 
acid (p. 568) is produced when citric acid is digested with concentrated 
sulphuric acid, and when oxidized with permanganate (C 1900, L 
328). 

Salts.—Being a tribasic acid it forms three series of salts, and also two different 
mono- and two different di-alkali salts (B. 26 , R. 687). 

The calcium salt, (C,ll507)2^'«3+4HaO. is precipitated on boiling. 

Esters.— Trimethyl Ester, m p. 70°, b.p.,, 176®; dimethyl ester, citric dimethyl 
flc»rf«/tfr,CH,(CO,CH3lC{OIIKCO*H)CTr,CO,CH5. m.p. 126®. is formed by partial 
esterification of the acid. It crystalli/es with i molecule of water and is 
diflScuItl^ soluble ,n cold water (B. 35 , 2085). Acetoextric Trimethyl Ester, b.p.,, 
171*, is dccompo‘«od by distillation at ordinary pressures into acetic acid and 
aconitic ester (B. 18 , 1954). sym.-Acetociiric Dimethyl Acid Ester, m.p, 75®; 
amide, m.p. 109® (B. 88, 3194). Acetocitric Anhydride, m.p. 121® (B. 22 , 984), 
decomposes on distillation at ordinary pressures into CO,, acetic acid, and 

.O.C(CH,CO,H)a 

citraconic anhydride. Methylene Citric Acid, | . m.p. 208®, 

^O.CO 

is prepared from cit*ic acid, formaldehyde, and hydrochloric acid; or from 
formaldehyde derivatives (C. I. 299, 738; 1908, I. 1589)* 

Methoxydtric Acid, (CHjO)C'(CO,H)(CH,CO,H),, m.p. 131®; trimethyl ester, 
b.p.,, 165°, is prepared from citric trimethyl ester, iodomethane, and silver oxide 
(A. 827 , 228). 

Citramidef C,H4(OH)(CONHj)8, when heated with hydrochloric or sulphuric 
acid, is condensed to citrazinic acid, sym.-aconitimide and, dihydroxypyridtne 
carboxylic acid (p. 503) (B. 17 , 2687 ; 23 , 831 ; 27 , R. 83). sym.-Cifrtc Dimethyl 
Ester Amide, NHj, 0 C'.C( 0 H)(CH, 0 ,CH,)„ m.p. 107®, is prepared from the nitrile. 
Acetone Dicarboxylic Ester Cyanhydrin, m.p. 53®, and reacts in concentrated 
sulphuric acid with sodium nitrite to form sym.-citric dimethyl ester (p. 610). 
Benxoyl Citrimide Ethyl Ester, m.p. 115®, is prepared from Citric Diethyl Ester 
Amide, m.p. 74®, and benzoyl chloride. It is decomposed in the cold by aqueous 
sodium hydroxide into benzoic acid and asym.-aconitimido*acid (p. 595) which is 
isomeric with citrazinic acid (sec above) (B. 38 , 3193): 

C»H.O,C.CHj,.C(OCOC,H,)COv HO,C.CH=C—COv 

I Vh- ^ I >NH+HO,C.C.H.. 

CH ,-CQ/ CH ,CO^ 

Isocitric Acid, CO,H.CH(OH).CH(CO,H).CHaCOjH (see Trichloromethyl 
Paraconic Acid. p. 557). readily passes into a y-lactone dicarboxylic aetd; ester, 
b.p.|4 149®, is formed by reduction of oxalosuccinic ester (A. 285 , 7). 

a-Methyl Isocitric Acid, CO,H.C(CH,)(OH).CH(CO,H).CH,CO,H, is formed 
from acetosuccinic ester, hydrocyanic, and hydrochloric acids. When separated 
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from itB salts it immediately changes into ^-dicarboufy-y^ahrolactone, which is 
also formed by oxidation of isopropyl succinic^acid or pimelic acid, and from 
terebic acid by the oxidizing action of nitric acid. Wlfen heate^ it decomposes 
into H« 0 , COis and pyrocinchonic anhydride (B. 82 , 3861). 

(CH,),C-CH.CO,C,H» 

•/“Dimethyl Bufyrolactone aB-Dicarhoxylic Ester» | | , m.p. 

O.CO.CH.CO,C,H, 

46®, b.p.|| 174*, is prepared from ^-methyl glycidic ester (p, 539) and sodium 
malonic ester. When boiled with hydrochloric acid, it yields terebic acid (p. 558) 
(C. 1906. II. 421). 

ojorDimethyl •/-Hydroxytricarballylic Lactone Acid (B. 80 , i960}, is formed from 
oa-dimetbyl tricarballylic acid (see decomposition products of pinene (Vol. II.). 

Clnohonle Acid, HuU'nyl h-Hydroxy-afy^tricarhoxyUc Lactone, m.p. 168® (A. 
234 , 85; B. 25 , R. 904). is produced when sodium amalgam acts on cincho> 
meronic acid or py pyndine dicarboxylic acid. When heated to 168® it breaks 
down into COj and pyrocinchonic anhydride (p. 518); 

N-CH =C.CO,H O-CH,—Cn.COali 

II I 'I I 

CII—t'll -rCOaH CO—CH,—CH.COjiH 

Cmchouuroiiic Acid. Cincbonle Acid. 


14. KETONKTRTCARBOXYLIC ACIDS 

Carhoxethyl Oxalacetic Ester, Oxalomalonic Ester, C,H, 0 ,C.C 0 .CH- 
(CO,C,ll,)„ b.p.io 220®. is obtained from sodium malonic ester and ethyl oxalyl 
chloride (C. 1898, I. 440). Nitrogen derivatives of carboxy-oxalacetic acid 
include Dicyanomalonic Ester, ^-cyano-y-imido-isosuccinic ester, NC.C(NH)CH- 
(CO,C,H,),. m.p. 93®, which is prepared from dicyanogen and malonic ester 
by means of sodium methoxide (p. 4S8). It can be hydrolyzed to iiicyano- 
malonic Mono-ester, m.p. 238®. and Jntido-oxalomalonic Mono-ester, m.p. 134® with 
decomposition, is reduced by sodium amalgam to a-Asparigine Carboxylic Acid, 
Nn,COCH(NH*)CH(CO,H),, m.p. 120® with decomposition (A. 832 , ir8. 
a-Cyanoxalacetic Ester, C,H50,C.C0CH(CN)C0,C2H5, m.p. 96®, is formed from 
oxalic mono-ester chloride and sodium cyanacctic ester. It is a strong acid 
(C. 1905. I- 1312)- 

Acetone Tricarboxylic Ester, C,HgOjC.CH,COCH(CO*C,H,)„ is formed from 
malonic ester and sodium (p. 4S8). Cyanacetone Dicarboj^ylic Ester, C,H, 0 ,C.« 
CH,COCH(CN)CO,CjH 5, m.p. 44®, is prepared from sodium acetone dicarboxylic 
ester and cyanogen chloride. Double decomposition of its salts with iodo- 
alkyls produces O-alkyl ethers of the unsaturated enol form (C. 1901. I. 883). 
ay-Dicyanacetoacetic Ester, NC.CH2CO.CH(CN)CO,CaHg, m.p. 88®, is prepared 
from chloracetyl cyanacetic ester (p. 607) and potassium cyauide (B. 41 , 

2403)* 

CtUjO,C.CO.CHCO,C,H8 . 

OXAlosuccInie Ester, | , b.p.,, 155®, is obtained from 

CH,CO,C,Hg 

oxalic and succinic esters and sodium ethoxidc. Heat at ordinary pressure 
decomposes it into CO and ethenyl tricarboxylic ester (p. 502) (B. 27 , 797). 
Since it is a ^-kctonic acid its alcoholic solution becomes coloured red with fenic 
chloride and forms a pyrazolone derivative with phenylhydrazine (B. 27 , 797 ; 
A. 235 , 1). The sodium salt of the ester reacts with iodo-alkyls. producing the 
O'Cster of the enol modification. Hydrochloric acid decomposes it into CO, and 
a-ketoglutaric acid. HO,C.CH,CH,CO.CO,H (comp. p. 568) (C. 1908, II. 768). 

arAcetoiricarbaUylic Ester, CH8CO.CH(COaC*Hi)CH(CO,C,H,)CH*(CO,C,Hg), 
b.p.g X75®, is formed from chlorosuccinic ester or fumaric ester and so^um aceto- 
acetic ester (B. 23 , 3756 ; C. 1899. I. 180). 

P-Aceiotricarballylic Ester, CaH50gCCHgC(C0CH,)(C0,CtHj)CHgC0.CgHg. 
b.p.,a Z90®. is prepared from sodium acetosuccinic ester and chloracetic ester; 
also it results as a subsidiary product during the formation of acetosuccinic 
. ester (A. 296 , 94). (See also a-Acetoglutaric Acid, p. 570.) 


CIIg.C.COv 

II >0 

CHgC.CCK 

Pyiocinrhonle 

Anhydride. 
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orAceitiConitif Esier, *^^^^^>CH.C(COaCtH|):CH(COflC|HK), is formed by 

the reaction of chlorofnmaric ester, chloromalcic ester or acetylene dicarbozylic 
ester with sodium acetoacetic ester (C. 1900, 11. 92). 


15. TETRACARBOXYLIC ACIDS 

A. PARAFFIN TETRACARBOXYLIC ACIDS 

Formation. —(1) By the action of iodine on sodium malonic esters, (as) 
From the sodium derivatives of malonic esters and alkylene dihalogenides or 
halogen malonic esters. (26) From sodium tricarboxylic esters and halogen 
acetic esters. (3) By the addition of sodium malonic esters to the esters of 
unsaturated dicarboxylic acids, etc. Usually they are only known in the form of 
their esters. 

sym. - Ethans Tetraoarbozylio Aeld« Dimalonic Add, (COsH)aCH— 
(COOH)a, m.p. heated to higher temperatures becomes ethylene 

succinic acid. It is obtained from its ester by means of sodium hydroxide (B. 25 , 
1x58). The ethyl ester, m.p. 76^, b.p* 305^ with decomposition, is produced by 
electrolysis (B. 28 , R. 450); by the action of chloromalonic ester and of iodine 
on sodium malonic ester; and by heating dioxalosuccinic ester (p. 656) Potassium 
hydroxide hydrolyses it to ethane tricarboxylic acid uith the elimination of CO^ 
(p. 392). See B. 28 , 1722. for the dihydrazide. 

Sodium ethoxide converts ethane tetracarboxylic ester into a disodium 
derivative, which yields tetrahydronaphthalene tetracarboxylic ester (B. 17 , 
449) with O'Xylylene bromide, C«H4(CH9Br),. 

Ethyl Ethane fetracarboxyhc Ester, B. 17 , 2785. 

Dimethyl Ethane Tetracarboxylic Ester, B. 18 , 1202 ; 28 , R. 451. 

Diethyl Ethane Tetracarboxylic Ester, B. 21 , 2085 ; 28 , R. 452. 

Alkylene Olmalonlo Acids. —Methylene,- ethylene-, and tiimethylene-dima* 
Ionic acids are, for practical reasons, included in this class. Their ethyl 
esters are produced when methylene iodide, ethylene btomide, and trimethylene 
bromide act on sodium malonic esters ; also, by the action of aliphatic aldehydes 
on malonic ester in tlie presence ot diethylamine, piperidine, and similar bases. 
In the latter case, the corresponding aldehyde amines are formed as intermediate 
compounds, such as methanol piperidine, CHs(OH)(NC,Hjo)* or methylene his- 
pipertdine, CH,(NC4i.Tio)t» which react with malonic ester to form alkylidene 
dimalonic esters. 

Methylene Dimalonic Ester, Dicarboxyglutanc Ester, p-Propane Tetracarboxylic 
Ester, CH*[CH(C04C*H,)j2, b.p.i* 205®; dimethyl ester, m.p. 48®, is formed 
(1) from formaldehyde or methylene iodide (B. 22 , 3294: 27 , 2345 ; 81 , 738,* 
2585), and ftialonic ester; also (2) by reduction of ) 3 -propylcno tetracarboxylic 
ester 28 , R. 240). Ammonia produces the ietramide, CHsJCHCCONHt)^],. 
m.p. 249^ which, when heated above its melting point, passes into the ditmide, 
CHs[CH(COg)NH]g (J. pr. Ch. [2] 66, i). Sodium alcoholate and iodo-alkyls 
produce methylene dialkyl malonic ester, from which aoi-dialkyl glutaric acids can 
be obtained by decomposition. 

Ethyhdene Dimalonic Ester, CHa.CH.[CH(C09CaH|)B]i, is produced by the 
union of ethylidene malonic ester (p. 50S) and sodium malonic ester. 

Ethylene Dimalonic Ester, Butane Tetracarboxylic Ester, (CO,CjHg)j- 
CH—CH|.CHg—CH(COiC|H*)j, is formed together with cyclopropane dtear- 
boxylic ester when ethylene bromide acts on sodium malonic ester (B. 19 , 
2038). 

See, further, trimethylene 1,1-dicarboxylic acid and hexamethylene x,x,4,4, 
tetracarboxylic ester (Vol. II.). Its di-sodium compound reacts with di-io^- 
metbane to form cyclopentane-1,1,3*3.-tetracarboxy]ic ester (Vol. II.) (B. 81 » 

X950). 

Alkyl Butane Tetracarboxylic Ester, B. 28 , R. 300, 464. 

Trimethylene Dimalonic Ester, Pegttane Tetracarboxylic Acid, (COtCgHg)c 
CH—CHg.CHg.CHg—CH(COgCaH,)4. formed, together with cyclobutane 



ORGANIC CHEMISTRY 



dicar^xylic ester (q.v.) in the action of trimcthylene bromide on two 
molecules of sodium malonic ester. See also hexamethylene*z,x,3«3,*tetra‘ 
carboxylic ester (Vol. n.). * ^ 

It is noteworthy that the disodium derivatives of the alkylene dimalonic esters 
are converted by the action of bromine or iodine, or of CHiIg and CHjBr.CHaBr, 
into cycloparafhn telracarboxylic esters. The alkylene dimalonic acids split off 
two CO,-groups and yield alkylene diacetic acids; so, too, the cycloparaffin 
tetracarboxylic acids, obtained from the alkylene dimalonic acids, yield cyclo- 
paraffin dicarboxylic acids: 

CH(COaC,H5)2 /C(CO»C,H,), XHCO,H 

CH,/ - CH,/ I -> CH,< I 

XHXOoC'jHjila ^C(C02CaH5)a X'HCO.H 

Metbyleae Dimalunu' AciJ. Trimethylme Tctracar* Trimethyletic Dicarboxylic 

bozvlic Acid. Aiid. 


CHaCH(COX,Hj), 

CH,ni(a),CsHj)3 
EthyliiK indiiialonic Acid 


CHflC(COaC8H,)g CHXHCO,H 

> I 1 —^ 1 

CH^CfCOjCjHj), ( JIa(TlCO,H 

T«*traine«iiy|pne T<*tr<nar' Teh.iM ihyl'no Dicarboxylic 
boxylic Acid. AlkI. 


CH,/ 


CH,CH(CO,C,H,), 


Tiinu ihvlrae Dianilonic Acid. 


CH, 




CH,C(CO,C,H,), 


\CH,C(CO,C,H.), 

Pentamcthylrne Tetracar¬ 
boxylic Acid. 


XH,—CHCO,H 
^cn,( I 

^CH,—CHCOaH 
Pentamethyleue Dicarboxylic 
Acid. 


Pfopane aPPy-Tetracarboxylic Acid, Malonic Diacetic Acid, (HO|C),C(CH,* 
COjH),, m.p. 151® with decomposition into CO, and tricarballylic acid (p. 593); 
ethyl eiter, b.p. 200, 295®, is prepared from sodium ethane tricarboxylic ester 
and chloracetic acid. 

Teti acaiboxyJic acids are formed by the addition of sodium malonic and sodium 
alkyl malonic esters to the olefine dicarboxylic esters. These acids lose CO, 
and become tricarballylic acids (p. 593) (J. pr. Ch. [^] 35 , 349: B. 24 , 311 ; 
24 , 28S() : 26 , 304). If citraconic ester be added to sodium malonic ester and 
sodium alkyl malonic ester, a further partial ccmdensation takes place of the first 
formed tetracarboxylic ester to Tricarboxylic Ester (Vol. II.) (B, 33 , 

3742): 

COjR CHjCO.R CO ~CHCO,R 


ROjC.CH-C(CIl,)CO,R ROjC.CH— C(Cria)C' 0 ,R. 

Propane oajSy - Tetracarboxylic Ester, (CO,C,H,)aCJl.CH(CO,C,H,)XH, - 
COjCjHb' b.p. 203®, is obtained (i) from fumaric ester and sodium malonic 
ester (comp, cthylidene dimalonic ester); (2) from monochloiosuccinic ester and 
sodium malonic ester (B. 23 , 3756; 24 , 596). Tricarballylic acid is produced 
when the ester is hydrolyzed with alcoholic potassium hydroxide, • 

a’-Ethyl I*ropane aapy-Tetracarhoxylic Ester is formed from sodium ethyl 
malonic ester and fumaric ester. It yields a sodium salt, (C,H, 0 ,C),C(C,H,).- 
CH(CO,C,H5).CTlNa(CO,CaH,), which, with iodomethane, gives a~ethyl y- 
methyl propane afxpy-ietracarboxylic ester (comp. p. 593) (B* 33 , 3743 )- 

ojorDimethyl ^-Cyanotvicarballylic Ester, b.p.,, 234®, is prepared from sodium 
cyanosucciiiic ester (p. ^t)2) and bromisobutyric ester (C. 1899, 1 . 826). Boiling 
dilute hydrochloric acid hydrolyzes it to oa-dimcthyl tricarballylic acid (p. 594). 

Butane apyb - Titufcarbnxyhc Acid, CH,(CO,H)Cll(CO,H)CH(CO,H)CH,. - 
(CO,H), m.p. 244®, is prepared from a-malonic tricarl^llyUc acid. Its dianhydride 
m.p. 173® (B. 26 , 364 , 28 , 882). 

Methylene Dtsuccinic Acid. CH,[CH(CO,H)CH,(COaH)],, m.p; 216* with 
decomposition (C. 1902, II. 733). 

HO,C.CH,v .CH,XO,H 

Tfinuthylene Dtsuccinic Acid, ^CH.[CH, 1 ,.CH^ , m.p. 

HO,CX ^CO,H 

*59*. is produced when hydrochloric acid effects the hydrolysis of trimethylene 
dicyanosuccinic ester, the reaction product of trimethylene bromide and sodium 
cyanosuccinic ester (C. 1899, 1 . 326). 
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Eihyhn$ Tetracarboxylic Ester, (C,H, 0 ,C)jC=*C(CO,CjH,)„ m.p. 58", b,p. 
325^ is formed from disodium malonic ester and iodine; from chloromalomc 
ester and sodium ethoxide (B. 29 , 1290); and from bromomalonic ester and 
K|COs or tertiary bases (B. 32 , 860 ; 84 , 2077). 

DicarboxylGluiaconic Acid, Propylene anyy‘Tetracarboxylic Ester, MetkenylBis- 
malonic Ester, (CjHjOaCjsCH.CH—C(COaC|H|)„ is formed from sodium malonic 
ester and chloroform or carbon tetrachloride (B. 35 , 2881). It is an oil, which 
is converted by the action of piperidine in benzene solution into two dtmo/scMtor 
modifications, m.ps. 103° and 88°; these are transformed into the sodium salt 
of the ordinary ester by sodium alcoholate. The ester melting at 103* is 
hydrolyzed by hydrochloric acid into the bimeric glutaconic acid, m.p. 207® 
(p* 521). whilst the ordinary ester, similarly treated, yields the single glutaconic 
acid, m.p. 139° (B. 34 , 6757). Reduction with sodium amalgam produces the 
fluid dicarboxyl glutaric ester (p. 613). When heated it passes into the h-lactons, 
m.p. 94°, by lohs of alcohol (B. 22 , 1419 ; 26 , R. 9; A. 297 , 86), 


C,H,OaC.CH.CO,C,H, 

I, -C,H,OH 

CH - 


C,H,0,C.C=C.0C,H, 

CH I) 


C,H,0,C.C.C0,C,H, c,ii,o,c.c—io 

Aqueous alkali hydroxide decomposes it into formic acid and malonic acid, 
together with glutaconic acid (p. 520) (B. 27 , 3061; C. 1897, I. 29, 229) (comp, 
also isoaconitic (p. 595). Ammonia, hydrazine, and hydroxylamine causes the 
splitting ofi of a malonic ester from the dicarboxyl glutaconic ester molecule, 
wi*ijreby a cyclic derivative of hydroxymethylene malonic ester is formed (p. 561), 
Aniline combines with it at 0° in ethereal solution to form fi-Anilino-dicarboxyl- 
glutaric Ester, in p. 46°, which, by further action of aniline, undergoes the decom¬ 
position described above (B. 30 ,1757,2022). When sodium dicarboxyl glutaconic 
ester is heated with alcohol to 150°, trimesic acid (Vol. II.) is formed, a reaction 
which probably also depends on primary formation into hydroxymethylene 
malonic acid (C. 1901, II. 822). 

ay-Dicyanoglutuconic Ester, m.p. 178®, 

and ay‘Dicyanoglutaconic Amide are formed from chloroform or carbon tetra¬ 
chloride and sodium cyanoacetic ester or sodium cyanacetamide respectively 
(C. 1898. I. 29. 37: B. 26 . 28S1). 

Propylene nfiyy- Tetracarhoxylic Acid, A derivative of this is a'-Cyanaconitic 
Ester, CNCH((: 0 ,CjH,)C(CO*C,H,):CH(CO,C,H„ b.p.„ 215®, which results 
from the reaction of cyanacetic ester, oxalacetic ester, and sodium alcoholate. 
The sodium salt of the ester and iodomethane give first a-cyano-a- or ~y~methyl- 
aoonitic ester, b.p.,, 211°, and then a’Cyano-ay-dimethyl-aconiiic ester, CNC(CH,)- 
(CO,C,Hs).C(CO,C,H,):C(CH8)CO,CjH„ b.p.„ 206® (C. 1906. 11 . 21). 

Butane Tetracarboxylic Ester, CHt(COjR)C(CO,R)jCH:CH(COjR), b.p.,4 216- 
2x8®, informed from sodium isaconitic ester and bromacetic ester (C. 1902, 11 . 
722). 


VIL THE PENTAHYDEIC ALCOHOLS OB PEHTII 0 L 8 AHB 

THEIB OXIDATION PBODUCTS 

1. PENTAHYDRIC ALCOHOLS, PENTITOLS 

One of these, aionitol, occurs in nature; all the rest have been 
obtained by the reduction of the corresponding aldopentoses with 
sodium amalgam. Their constitution follows from that of the aldo¬ 
pentoses from which they have been prepared (p. 6i6). The simplest 

pentitol, C,H7(0H), or CH2.0H.CH0H.CH0H.CH0H.CH,0H. qm 
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have five theoretical modifications, because in the formula two asym¬ 
metric carbon atoms are present, and they are'separat{?d by a non- 
asymmetric carbon atom. There are two optically active modifica¬ 
tions, one of which is known as l-arabitol. There is also an inactive 
resolvable modification, produced by the union of the preceding forms, 
and finally, there exist two optically inactive modifications due to 
internal compensation. These can not be resolved, and are known as 
xyUtol and adoniioL The pentitols are oxidized to pentoses by 
bromine and sodium hydroxide (B. 27 , 2486). Comp. p. 640 for 
the stereochemical constitution of the pentitols. 

The number of possible classes of pentahydric alcohols is 2i; that of the 
classes of substances which can be termed oxidation products of the pentitols 
is 55, if the hydroxy-compounds are not divided into sub-classes according to 
the character of the alcoholic hydroxyls, otherwise the number rises to 231. 

1. i-Arabltol, C,H,(OH)b, m.p. 102°, is hevo-rotatory after the addition of 
borax to its aqueous solution. It is produced by the reduction of ordinary or 
1 -arabinose (p. 618), and has a sweet taste (B. 24 , 53^, 1839 note). Benzol 
Arabitol, m.p. 150® (B. 27 , 1535). Diaceione Afahiiol, b.p.,j 145-152® (B. 28 , 
2533). A~Arab%tol is dextro-rotatory, and is produced by reduction of d-arabinose 
or d-lyxose. It combines with l-arabitol to form the racemic \d-\-\yArabitol, 
m.p. 106® (B. 82 , 555 ; 83 ,1802). 

2. Xylitol, C|H7 (OH)b, is syrup-like and optically inactive. It results from 
the reduction of xylose (p. 610) B. 24 , 538 ; 1839 note; R. 567 ; 27,2487). 

3. Adonltol, CsH,(OH)|, m.p. 102®, is optically inactive. It occurs in Adorns 
vernahs, and is produced by the reduction of ribose (p. 6ig) (B. 26 , 633). 

Adomtol Diformacetal, m.p. 145® (B. 27 ,1893). 

Adomtol acetone, b.p.f, 150-155®. 

4. Rhsmnitol, CH8 .C,Hb(OH)s, m.p. 121®, is dextro-rotatory; it, results 
fxom the reduction of rhamnose (p. 619 ; B. 23 , 3103). Dimethylene Rhamniiol, 
CH,.C,nB04(CHj),0H, m.p. 138® {A. 299 , 321). 

Aminotetroles: Arahinamme, CH80Il[CH{0H)]8CHaNH2, m.p. 99®, is laevo- 
rotatory, and is formed from 1-arabinose oxime (p. 618) by reduction wi^ sodium 
amalgam. It is a strong base, and is reduced by hydnodic acid to n-amylamine. 

Xylannve is prepared from xylose oxime, and is a colouilcss syrup (p. 619), 
(C. 1904, I. 579). 


2. TETRAHYDROXYALDEHYBES, ALDOPRNTOSES 


The tetrahydroxyaldehydes, the first oxidation products of the 
pentahydric alcohols, are closely related to the pentahydroxyaldehydes 
or aldohexoscs, the first class of the carbohydrates in the more re¬ 
stricted sense, to which also the aldopentoscs arc very similar in 
chemical behaviour. Whereas formerly the carbohydrates occupied a 
special position in the province of aliphatic chemistry, they are now 
found to be very closely allied to simpler classes of bodies. AU alde¬ 
hyde- and ketonc-alcohols, which can be regarded as the first oxida¬ 
tion products of the simplest representatives of the polyhydric alcohols, 
contain, like the carbohydrates in a narrower sense, not only carbon, 
but also hydrogen and oxygen in the same proportion as exist in 
water, e.g.: 


CHO 

<!h,oh 

Glvcolyl 
Alaebyde 
. IDIOM, c^n^o,) 


CHO 

A 


:hoh 
<!:h,oh 

GlyceroM 
(TrioM, CbHbO.). 


CHO 

[(!hOH], 

d] 


CHO 
[CHOH], 

:h,oh Ah,oh 

Erytbritos Arabinose 

(TetroM (FMtOM, CgHioOi). 


CHO 


[L 


_ :hoh]4 
Ah, OH 

Dextrose 

(Ko»Ma,CiH|BO|) 
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The simplest carbohydrates are, therefore, aldehyde-^cohols, such 
as those just mentiened, or ketone-alcohols-^.^., fructose, CHjOH.- 
C0.[CH0H]5CH20H (p. 635). 

llie aldopentoses show the following reactions in common with 
the aldohexoses : x. They form ethers with alcohols in the presence 
of small quantities of hydrochloric acid (B. 28,1156). 

za. They combine with the mercaptans to form mercaptals in the 
presence of hydrochloric acid (B, 29, 547). 

2a. They combine with aldehydes, especially with chloral and 
bromal. 

2b. They unite with acetone in the presence of small quantities 
of hydrochloric acid. 

3. They are reduced by sodium amalgam to alcohols : petUiiols. 

4. Nitric acid oxidizes them to hydroxycarboxylic acids: tetra- 

hydroxymono- and trihydroxydicarhoxylic acids ; they reduce Fehling*s 
solution. ^ 

5. They yield osamines with methyl alcoholic ammonia (B. 28,3082). 

6. Hydrazine converts the pentoses into aldazines (B. 29, 2308). 

7. Phenylhydrazine changes them to hydrazones and characteristic 
dihydrazonts: osazones. 

8. They yield oximes with hydroxylamine. 

9. By successive treatment with hydrocyanic acid and hydrochloric 
acid they pass into pentahydroxyacids, the lactones of which may be 
reduced to hexoses (p. 630), whereby consequently the synthesis of a 
hexose from a corresponding pentose is realized. 

However, the aldopentoses are (i) not fermented by yeast; (2) 
they yield furfuraldehyde or alkyl furfurals when they are distilled 
with hydrochloric acid or with dilute sulphutic acid. This reaction 
can be applied in the quantitative determination of the aldopentoses 
(B. 25, 2gi2). (3) When they are heated with phloroglucinol and 
hydrochlonc acid they give a cherry-red coloration (B. 29,1202). 

Formation .—Their production from animal and vegetable sources 
will be indicated under the individual aldopentoses. However, a 
reaction will be given in this connection, which promises to afford a 
general method for tlic conversion of aldohexoses into aldopentoses. , 

On treating d-dextrosoxime (p. 634) with acetic anhydride and 
sodiujn acetate, the nitiile of pentacetyl gluconic acid is obtained. 
This,*when treated with ammoniacal silver solution gives up hydro¬ 
cyanic acid, and is converted into d-arabmose diacetamide, which 
on hydrolysis with hydiochloric acid yields d-arabinose (B. 32, 3666). 


CH«N(OH) 

H.i.OH 

HO.i-H 


H.C.OH 

CH.OH 

d'DextcobuJ^ira*. 


CN 

I 

HCO.COCH, 

I 

CIIjCOOCH 

I 

HCO.COCH, 

I 

HCO.COCH, 

<!h,o.coch. 

Nitrile of PeDtaoetjHI 
Glvoosic aeid. 


H.CO 
HO (^11 

I 

HCOH 

I 

H.C.OH 

CH,.OH 

d-AcabbioM. 
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When d-dextrose is oxidized with chlorine water it is converted into 
d-gluconic acid whicli is further changed by l^drogen peroxide in 
presence of ferric acetate into d-arabinose (B. 82 , 3672) 


CHO 

I 

II.C.OH 

I 

HO.C.H 


COali 

H.C.OH HCO 

I I 

HO.C.H HO.C.H 


H.C.OH 

I 

H.C.OH 

I 

CHgOH 

d-Dixlir>«se. 


H.C.OH 


H.C.OH 


CHaOH 
d-Gh’couu Atid. 


H.C.OH 

I 

H.C.OH 

I 

CH.OH 

d'Arabinobe. 


d-ArabJuose is the first aldopt ulose to be prepared synthetically, 
as it may be obtained from d-dextrose (p. 637) which can be 
synthesizi d. « 

Tile two degradation methods described above have led to the 
folloAving reactions : the production of 1- and d-xylose from 1- and d- 
gulonic acid (see below, and p. 619) ; lyxose from galactose and galac- 
tonic acid (p. 619); l-erythritose and 1-threose from 1-arabinose and 
1-xylose (p, 597); d- and l-erythritose and 1-threose from 1- and 
d-arabonic acid and 1-xylonic acid, etc. 

Tlic aldopc-nloses of the formula CH,OH.CHOH.CiIOII.CHOH.CHO, con- 
tainine; thitc asyminetric carbon atoms, can appear theoretically in eight optically 
active isomers, and four optically active, racemic (or modifications which 

can be ^'solved (p. 030). 

I. Arajinose, C4H,OH)4CHO, is known in three modifications. 

1 -Araunose, Vechnose, m.p. 160®, is formed when cherry gum and other gums 
(p. (>()>) aie boiled with dilute sulphuric acid (B, 35 ,1457 ; 37 ,1210). Reduction 
pioduLcs ]-arabitol (p. bio), and oxidation 1-arabonic acid (p. 620) and 1-tri- 
hydroxyglutaric acid, m.p. 127®; hydrochloric acid gives rise to furfural. It 
is dixtro-rotatory, and it reduces Fchling’s solution. Methyl l- 

Arabwose, H,, m.p. 170° (B. 26 , 2407; 28 , 1156), is prepared from 

arabinosc, methyl alcohol and hydrochloric acid. The action of iodomethane 
and silver oxide pioduces methylation of the OH-groups, forming rrimethyl 
Methyl Jrabmose, m.p, 44®, b.p.14 124®. Hydrochloiic acid hydrolyzes this 
substance to Inmethyl Arabinose, (CHaOlaCgH^O,, b.p.,, 148-152® (C. 1906, 
II. 1045). \-Arab^nosazone, C8Hg08(N,HC4Ha)„ m.p. if>o° (B. 24 ,184,0, footnote). 
Arabtiiosone ( 13 . 24 , 1840, footnote; C. 1904, I. 579 )* \-Arabinose p-Bromo- 
phenylhydrazone, m.p. 150-155® (B. 27 , 2490). \-Arabinose Semicarhazidct 
m.p. T63® with decomposition (C. 1897, II. 894). \-Arabinose Oxime, in.p. I33® 
(B. 26 , 743) can be degraded to l-erythritosc (p. 597), and reduced to barabinamine 
(p. 016). Arahtnose Ethyl Mercaptal, m.p. 125®. Arabxnose Ethylene Mercaptal, 
m.p. 154^. Arahtnose Trimethylene Mercaptal, m.p. 150® (B. 29 , 547). Arabino~ 
chloral, a-form, m.p. 124®; ) 5 -form, m.p. 183®, Arabinobromal, 
m.p. 210® (B. 29 , R. 544). Arabinose Diacetone, m.p. 42® (B. 28 ,1x64). Arabinose 
Tetranitrate, m.p. 85® (B. 31 , 71). Acetochlorarabinose, CgHaC^OCOCH*),, m.p. 
149®, and Acetobromarabinose, CgHaBrCOCOCH,)®, m.p. 137®, are prepared from 
arabinose and acetyl chloride and bromide respectively. Silver acetate converts 
them into letraceiyl Arahtnose, C8HgO(OCOCH,)4, m.p. 80® (C. 1902,“!. 9x1). 

d-Arabinose is prepared (i) by degradaticn of d-dextrose oxime; from the 
reaction product it is best separated as the dtphenylhydroMone, C4H5(OH)4- 
CH :NH(C4H5)4. which is decomposed by formaldehyde (C. 1902, I. 985) ; (2) 
by oxidation of d-gluconic acid by HfO^ (above), or by heating a solution of 
mercuric d-gluconate (C. 1908, I, xi66). It is lavorotatory, [o]d*« — 105®. d- 
Arahinostuone, m.p. 160®. A-AfabinoseDiacetafnide,Cfi,^fi^{^H,QOCH^)^t m.p. 

-X87®. 
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[d+l]-Arablnos6, m.p. z64*» is produced by the union of the two optically 
active forms of arabinose. It occurs in the urine of a sufferer from p$ntosuna* 
This is ol interest, sinfie. so fat, only optically active sugars have been found to • 
be produced as a result of metabolism. It can be resolved by as3nn.-d-amyl 
phenylhydrazone (B. 88, 868). [d-\-l]-Arabinosazone, m.p. x 6 y^ (B. ^,2243). 

2. 1 -Xylose, Wood Sugar, C4H,(OH)4.CHO, m.p. 143®, is produced when 

wood gums (B. 22 , 1047; 28 , K. 15 ; C. 1902, 1 . 30Z), corn-cobs (B. 24 , 1657), 
maize, or elder pith (B. 1457) are boiled with dilute acids ; by the degrada¬ 

tion of 1 -gulonic acid (p. 640) by hydrogen peroxide (B. 88, 2142); also, by 
pancreatic hydrolysis of nuclco-proteins (B. 86,1467). It is dextro-rotatory, and 
yields inactive xylitol (p. 616) on reduction; oxidation converts it into 1-xylonic 
acid (p. 62o) and inactive trihydroxyglutaric acid, m.p. 152®. Hydrocyanic acid 
produces 1-gulonic acid and 1-idonic acid (p. 650). l-Xylosaxone, m.p. 160®. 

d'Xylose is obtained from d-gulonic lactone by degradation. It is lavo~ 
rotatory ( 13 . 83 , 2145}. (d-i-})-Xylosaxone, m.p. 2x0-215®, with decomposition 
(B. 27 , 2488; 83 , 2145). Methyl Xylose, C,H« 0 ,.CH,, a-, m.p. 91®; 
m.p. 156® (B. 28 , 1157). Xylochloral, m.p. 132® (B. 28 , R. 148). 

3. Lyxose, m.p, loi®, is prepared by reduction of lyxonic lactone (p. 620): 
from pentacetyl galactonic nitrile by loss of hydrocyanic acid (B. 80 , 3x03); and 
from d-galactonic aci^ and llsO, (B. 88, 1798). Addition of hydrocyanic acid 
and hydrolysis produces galactonic and talonic acids (B. 83 , 2146). 

4. Ribose, C4H5(OII)«CHO, is produced by oxidation of 1 -arabinose to 
1-arabonic acid, conversion of this 1-arabonic acid (p. 620) and reduction of the 
lactone of this acid ( 13 . 24 , 4220). 

5. Aplose, p-Hydroxymethyl Erythntose, {CHtOH),C(OH)CH(OH)CHO, is pre¬ 
pared by hydrolysis of apiine, a glucoside occurring in parsley (Vol. II,). It 
differs from the isomeric pentoses by reason of its branched carbon chain. Oxida¬ 
tion with bromine water produces tetrahydroxyisovaleric acid (A. 321 , 71). 

6. Rhamnose, or Isod ilcltol. CIl8(CH0H)4CH0+H,0, m.p. 93®, in 
anhydrous form ; b.p. 122-120® when crystallized from acetone. It is dextro¬ 
rotatory (B. 29 , R. 117, 340). It results upon decomposing different glucosides 
(quexcitrine, xanthorhamnine. rhamninosc, a disacchande, derived from galac¬ 
tose and rhanmose (C. iqoo, 1,251), hesperidine, narmgine) with dilute sulphuric 
acid. Isodulcitol yields a-mcthyl furfural when distilled with sulphuric acid (B. 
22 , R. 75t). 

It gives rise to rhamnitol upon reduction, and by oxidation 1-trihydroxy- 
glutaric acid (m p. 127°). IIN(' and hydrochloric acid convert it into rhamnose 
carboxylic acid (p. Oso ; B. 22, 1702); oxtme has been decomposed into methyl 
tetro.se (p. '597; B. 29 , 137^): hydrazone, m.p. 159°, and its osazone, m.p. 180® 
(B. 20 , 2574). Acetone lihamnose, CgHioOg: CgH,, m.p. 90® (B. 28 , 1162). 
Rhamnose Lthyl Mercaptal, m p. 136®. Ethylene Mercaptal, m.p. 169® (B. 29 , 
547). Teiramtrate, m.p. 135® ( 13 . 31 , 71). 

7. Isorbamnose has been obtained by the reduction of the lactone of isorham- 
nonic acid. 

8. Chlaovose, CHa[CHOH]4CHO, isomeric with rhamnose, is a product 
obtained by decomposing chmovine, occurring in varieties of quina and cinchona 
with Ifydrochlonc acid. Osazone, m.p. 193-194® (B. 26 , 2417). 

9. Rhodeose, CH8[CH(OH)]4CHO, is one of the methyl pentoses obtained 
by decomposing the pentosides convovuhn and jalapin (Vol. 11 .). It is strongly 
dextro-rotatory, and is the optical antipodes to Fucose. This substance is 
obtained by hydrolysis of the Fucus variety of sea-weeds with dilute sulphuric 
acid. Osazone, m.p. X77®. Determination of configuration (B. 40 ,2434)* 

3. TETRAIIYDROXYMONOCARBOXYLIC ACIDS 

Acids of this class are obtained by oxidizing the aldopentoses with bromine 
water or dilute^nitric acid. They readily pass into lactones, some of which 
yield pentoses on reduction. Furthermore, oxidation changes them in part to 
dicarboxylic acids. Hydriodic acid reduces some of them to lactones of the 
monohydroxyparaffin carboxylic acids. All the known acids are optically 
active. 

Tetrahydroxy-n-vederic acids, have theoretically eight optically active foms, 
as have the aldopentoses with an equal number of carbon atoms, five ol which 
are known, and four are [d+l] modifications. 
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(1) .t-Aniboiile Add, CO,H[CHOiq,CH,OH, [o]?--73-9*. is prepared from 
1 -arabinose (B. 21 p 3007). It readily jrields ^ iact<nte,^CJAfi^t m.p. 95-98*** 

^ and is converted by oxidation into l-trikydroxyglutatic acid ; l>kenythydraxide, 
m.p. 215" (B, 23 p 2627; 24 , 4219). Tetracetyl X^Arabonic Nitrile, m.p. 1x7^ 
is produced from 1-arabinose oxim^, acetic anhydride, and sodium acetate. 
Silver oxide changes it into triacctyl 1 -eythrose (B. 32 , 3666). d~Arabonic 
Acid, Ia]”ai-f73'7®, is formed from d-arabinose and bromine water; lactone, 
m.p. 98®. Oxidation by HgO* converts it into d-crythritose, {d-k^^^Arabonie 
lactone, m.p. 1x6® (B. 32 , 530). When heated to 145® with aqueous pyridine it 
gives 1-arabonic and pyromucic acid, together with some 

(2) 1 -Blbonle Aoid, which, under the same conditions, is partially recon¬ 
verted into arabonic acid. Ribonic Lactone, C,HgO^, m.p. 72-76® (B. 24 , 4217); 
phenylhydraxide, m.p. 163®. 

(3) l-Xylon!o Acid is prepared from l-xylose and bromine. It yields a 
sparingly soluble biomoc^mium double salt (comp. B. 35 , 1473). Pyridine 
converts it into 

(4) d-Lyxon!c Acid; lactone, m.p. 113® (B. 80 , 3x07) (see also Lyxose, p.619); 
phenylhydraztde, m.p. 162®. 

(5) Aplonic Acid, Tetrahydroxyisovaleric Acid, (CH,OH)gC(OH)CH(OH)- 
COOH, is produced from apiose (p. 619) and bromine water. PhenylhydroMidie, 
m.p. 127®, is converted by hydiiodic acid and phosphorus into isovaleric acid 
(A. 821 , 78). 

(6) Khamnonle Acid is formed from rhamnose and bromine, and passes 
directly into the lactone, CgHioOg, m.p. 150® (B. 23 , 2902 ; A, 271 , 73). Methyl 
Rhamnomc Lactone, CgHj{ClI|)Oft, m.p. 179® (A. 309 , 323). When heated with 
pyridine to 150® it 3nelds some 

(7) Isorhamnooic Acid, of which the lactone, m.p. 151®, when oxidized 
yields xylotrihydroxyglutaric acid (p. 621) (B. 29 , 1901) (see also Isdrhamnose, 
p. 610). 

(8) Saccharic Acids is the name given to a number of tetrahydroxypentanc 
carboxylic acids which are obtained from the hexose^ or disaccharidcs by the 
action of alkalis, or, better, lime-water, accompanied by atomic migration. They 
readily pass into lactones, known as saccharines, which must not be confused with 
saccharine (Vol. 11 .) a sweetening agent entirely unconnected with sugars and 
their associated compounds. 

CO- o 

Saccharine, | I , m.p. ibo°, possesses a bitter taste 

CHg C(OH).Cir(OH)CH.cngOU 

CO — o 

Isosaccharine, | | , m.p. 95°. 

lIO.CHa.C(On).CHs|.CH.CHgOH 
CO-O 

Metasaccharine, | | , m.p. 141®. 

HOCH.CHg.CH,CH(OH)ClI,OH 

CO-O 

Parasacohariae, | I * ^ syrup. t 

HOCHg.CH(OH).C(OH)CHgCH. 

Saccharine is produced by the action of lime-water on dextrose, laevulose 
and invert sugar; iso-, meta-, and para-saccharine from lactose or galactose 
and lime-water. When reduced with hydriodic acid, saccharine and isosaccharine 
yield ay-dimethyl butyrolacione, whilst metasaccharinc gives y-n.-caprolactone. 
Kitric acid converts saccharine into a-methyl trihydroxyglutaric acid {saeeharonie 
acid); isosaccharine into ay-dihydroxyglutaric y-carboxylic acid, (HOtC)tC(OH)- 
C^iCH(OH)CO|H; metaf^ccharine into a^8-trihydroxyadipic acid (see below); 
and parasaceba^ne to parasaccharonic acid and hydroxycitric acid (p. 622), 
HgOg (p. 618) brings about the degradation of iso- and para-saccharine to two 
hetopentane Irioles, HOCH,.COCHsCH(OH)CH^OH, and HOCHs.CH(OH).CO.- 
CHgCH|OH> respRCtivply; metasaccharine gives an aldotriose metasacchairih 
pentose, HOC.CH,CH(OH)CH(OH)CHgOH. the aldehyde of a / 3 y 8 -trihydroxy- 
^eric acid, which is reduced by hydriodic acid to y-vaJerolactone (A. 218 , 
,473; 299,323; B. 18 , 63X, 25x4; 86,2361; 37,38x2; 88,2671; 41,158). 
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4. TRIHYDROXYPICARBOXYLIC ACIDS 

Trihydroxy-ii.-glntario Xoids, C02H[CH0H]3C02H, can theoreti¬ 
cally exist in four steieochemical modifications, corresponding with the 
four pentitols (p 615), and in addition m an inactive form, which can 
be resolved. 

d~Tnhydroxyglutanc Actd mp 127^ is prepared from d-arabmose and 
mtnc acid \-Tr%hydroxygluiartc Actd m p 127**, is formed from 1 -arabinose 
and mine acid, as well as by the oxidation of rhamnose (p 619) and sorbmose 
(p 636) (B 21 , 3276) fti+l] Tnhydfoxyglutaric Actd, mp 154®, results from 
me union of d- and l-tnhydioxyglutaric acid m acetone solution (B 82 , 558). 
i-Xyloirthydroxyglutaric Acid mp 152®, is formed when xylose is oxidized; it 
correspondsit h xylitol (p 61G) It is verv *«inular to but not identical with, 
the racemic acid (B 32 , 559) i^RtboirthydroxygliUartc actd results from the 
oxidation of ribose and corresponds with adonitol (p 616) It readily passes 
mXKi d. lactontc actd CsH^Oi mp 170® (B 24.4222) 

Saeeharonio a Methyl J rtkydroxyglutartc Actd, CHaC(OH)(COsH)CH- 

(0H)CH(0H)(C03H), js formed by the oxidation of saccharine (see above) 
with nitric acid It cnan,^cs in a desiccator, or when heated into a lacvo-rotatory 

CO - - O 

iax.ione, Sacvharonc, | | ,mp 145-156® (A 218,363) 

CH,C(OH) CH(OH) CHCO,H 

Hydriodic acid converts the lactone into a mcth>l glutaric acid (p 502) 
Tnhydroxyidipir 4cid rO,lICII(OH)CH3CH(()H)CH(OH)COjH, mp 146® 
with decomposition results from the oxidation of metasacchaiine (see above) 
with dilute HNO* (B 18 ,1555. 37 , 2668) Heated with HI it is reduced to 
adipic acid 

- DIHTDROXYKETONE DICARBOXYUC ACIDS : The pyione dicarboxylic 
esters resulting from the condensation of acetone dicarbox>hc esters with alde¬ 
hydes, are anhydrides (like ethylene oxide) of the dihydioxyketonc dicarboxylic 
acids 

Dimethyl Tetrahydfopyrone Dtearboxylte Ester, COC. ™ P 

Vh, 

Z02®, IS formed from acetone dicarboxylic ester, acetaldehyde and hydrochloric 
acid (B 29 , 991) 

6 TRIKETONF DICARBOXYLIC ACIDS. Acetone Dtoxcdtc Ester, Dtethyl 
Xanthockeltdonic Ester, CO[CH,CO COjCjHjl, mp 104®, is obtained from 
acetone, oxalic ester, and sodium ethoxide Hydrochloric acid converts it into 

CAtfWomc m p 63® Some other acids, aUied 

* * * CH kCHs^ 

With this,*are also derived from pyrone, C 0 <^g_Qg >0 (Vol II), such as 

a product of dehydration of carbonyl dtacetoacettc ester, CO[CH(COCH3)COtC3HJ|, 
prepailbd from copper acetoacetic ester and phosgene (B. 19 , 19) 


7 DIHYDROXYTRICARBOXYLIC ACIDS 

Dssoxalis Acid, COtH CHOH C(0H)(C03H)g, is a deliquescent crystalline 
mass , inethyl ester, COjC^H, CHOH C(OH) (CO*CtH,)j m p 78®, bp, 156®, 
results from the action of sodium amalgam on diethyl oxalate (A 297 , 96) 
\^en Its aqueous solution is evaporated, or when its ester is heated with water 
or dilute acids to 100®, the acid yields carbon dioxide and racemic acid 
(p 601): 

HO,C CH(OH)C(OH)CO,H), -HO,C CH(OH)CH(OH)CO,H 4 CO,, 

Desoxalic Add Racemic Aad 

Acid radicals can be substituted for the two hydroxyl groups of th 

ester. Heated with hydnodic acid, desoxalic acid gives ofi carbon dioxide, 

and is reduced to succinic acid 
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Desbxalic ester and phenylhydrazine yield phenylhydrazine glyoxylic ester, 
whilst isonitrosoxnalonic ester and glycollic acid are the products of reaction 
with hydxroylamine (B. 29 , R. 908. ' ^ • 

Hydroxycitrlo Acid, ofi-Hydroxy-tricarballylic Acid, C02HCH^0H)(C0|H)- 
CH(OH)CO,H, m.p. 160®, accompauics aconitic, tricarballylic, and citric 
acids in beet juice, and is produced by boiling chlorocitric acid (from aconitic 
acid and HCIO) with alkalis or water (B. 16 , 1078). It can be obtained pure by 
oxidation of parasaccharine (p. 620) with nitiic acid (B. 37 , 3614)* 

ay-Dthydroxypropane day - Tricarboxylic Acid, ay • Dihydroxygluiaric y^Car- 
hoxylic Acid, (CO*H)jC{OH)CH,CH(OH)COOH, results from the oxidation of 
isosaccharine with nitric acid. It is a thick crystalline mass. At 100® it loses 
carbon dioxide, and forms ay-dihydroxyglutaric acid. Hydriodic acid and 
phosphorus convert it into glutaric acid, CsH((COsH)| (B. 88, 2671). 


8. PENTACARBOXYLIC ACIDS 

Paraffin Pentacarboxyllc Acids. Propane afipyy-Pentacarboxylic Acid, py-Di- 
carboxyiricarbaHylic Acid, (COtH)|CH.C(COsH)|.CH|COsll, m.p. 150®, is obtained 
from its penta-ethyl ester, the reaction product of sodium malonic ester and 
chlorethane tricarboxylic ester (p. 5<)2). Propane aaPyy-Pentacarboxylic Methyl 
Ester, ay~Dicarboxytrtcarballylic Ester, Cn80jC,Cll[CH(C02CH3)j],, m.p. 86®. is 
prepared from dichloracetic ester and two molecules of sodium malonic ester; 
also, by reduction of dicarboxyaconitic ester (see below) with zinc and glacial 
acetic acid (A. 347 , 5). Similarly, reduction of dicarboxy-mcthyl-aconitic ester 
gives rise to Butane aaPyy-Pentacarboxylic Methyl Ester, ay-Dicarboxy-a-methyl- 
tricarballylic Ester, (CHjOjC)2-Cn.('dl(('OjCH8).C(CH3)(.COjCH3)j. m.p. 59®, 
XJicse esters yield tricarballylic or the stercoisomeric a-methyl tricarballylic 
acids on hydrolysis and expulsion of CO,. 

Butane appyh ~ Pentacarboxylic Ester, C2H502C.CH2CH(C02C2H5)C(C02- 
CjHgla.CHjCOjCjH,. b.p.,,217®, is formed from chlorosuccinic ester and SQdium 
cthenyl tricarboxylic ester. 

Oleflne Pentacarboxylic Acids : Dicarboxyaconitic Pentamethyl Ester, 
(CHjOaClj.C: C(COaCH8).CH(COaCH8)2. m.p. 62®. is formed by condensation 
of dichloroxalic methyl ester and two molecules of sodium malonic methyl ester, 
instead of the expected dicarboxy-methyl-cilric ester, which loses methyl alcohol: 

* " 2NaCl-fCHjOH. 

The ester, when hydrolyzed, loses CO, and yields aconitic acid ; with sodium 
and iodomethane it forms a^Methyl Dicarboxyaconitic Ester, Butylene aoByy- 
Pentacarboxylic Ester, CH2C{C02CH2)2C{C02CHa) • C{C02CH2)2, m.p. 86® A. 
847 , 1 ). 

Butylene apyyb-Pentacarboxylic Ester, C2H20jC.CH,.C(C02C2H2)8C(C0aC2- 
H|): CHCOjCjHj, b-p.,® 230®, is prepared from sodium cthenyl tricarboxylic 
ester and chlorofumaric ester (B, 31 , 47). Butylene oayyB-Pentacarboxylic 
Ester, C,H20*C.CH2C(C02C2H,)2CH: C(C02C2H2)„ b-p.*, 224®, is formed from 
sodium dicarboxyglutaconic ester (p. 613) and chloracctic ester (J. pr. Ch, 
[2] 66,1, 104). 


VIIL HEXA- AND POLY-HYDEIC ALCOHOLS, AND THEIE 

OXIDATION PRODUCTS 

s A. HEXAHYDRIC ALCOHOLS, HEXAHYDROXYPARAFFINS, 

HEXITOLS 

-The hexahydric alcohols approach the first class of sugars (p. 625)— 
the dextroses—very closely. They resemble them in properties; they 
have a very sweet taste, but they do not reduce an alkaline copper 
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solution, and are not fermented by yeast. 8-Mannitol, S-sorbitol, 
and dulcitol occur ig nature. These three and certain hexitols have 
been prepared by the reduction of the corresponding dextroses—aldo- 
and keto-hexoses—^with sodium amalgam. Moderate oxidation con¬ 
verts them into dextroses. The compounds which the hexitols yield 
with aldehydes, especially formaldehyde and benzaldehyde, in the 
presence of hydrochloric acid or sulphuric acid, or with acetone and 
hydrochloric acid, are characteristic of them (A. 299 ,316; B. 27 ,1531; 
28 , 2531). 

Theory requires the existence of 28 classes of hexahydroxy- 
paraffin alcohols, which give rise to 79 classes of oxidation products, 
if the hydroxy compounds are included with those of the glycol oxida¬ 
tion products. The total number of sub-classes of oxidation compounds 
amounts to 434, of which 28 are free from alcoholic hydroxyls. 

Ihe simplest hexitols with six carbon atoms contain four asym¬ 
metric carbon atomj in the molecule. According to the theory of van 
7 Hoff and Le Bel, 10 simple spacial isomeric forms are possible for 
such a compound. 

I. Mannitol or Mannite, CH20H[CH0^4CH20H, exists in three 
modifications: dextro-, laevo-, and inactive mannitol; the latter 
is identical with the a-acntol made from synthetic a~acrose or [d+1] 
fructose. It is the parent substance for the synthesis of numerous 
derivatives of the mannitol series (B. 23 , 373), and also of dextrose 
(p. 632) and of Icevtdose (p. 635), as will be more fully explained under 
these bodies. 

Ordinary, or d-Mannitol, m.p. 166°, occurs frequently in plants 
and in the manna-ash (Fraxinus ornus), the dried sap of which is 
manna. It is obtained from the latter by extraction with alcohol 
and allowing the solution to crystallize. It is produced in the ropy 
fermentation of the different varieties of sugar, and may be artificially 
prepared, together with sorbitol, by the action of sodium amalgam 
on d-mannoso (p.«63i), d-fruclose (B. 17 , 127 ; 23 , 3684). 

Mannitol crystallizes from alcohol in delicate needles, and from 
water in large rhombic prisms. It possesses a very sweet taste. Its 
solution is dextro-rotatory in the presence of borax. When oxidized 
with care^it yields fructose (previously known as mannitose) (B. 20, 
831), and d-mannose (B. 21, 1805). Nitric acid oxidizes mannitol to 
d-manuosaccharic acid (B. 24 , R. 763) (p. 653), erythritic acid, and 
oxalic acid. Hydriodic acid converts it into 2- and 3-hexyl iodide 
(B. 40 ,140). ’ 

When mannitol is heated to 200® it loses water and forms the anhydrides, 
Mannttan, and Mannids, C,Hio04, m.p, 87®, b.p.to 176“- The latter 

is also obteined by distilling mannitol in a vacuum. 

Esters. —Mannitol DiMorhydrin, C,H,Cl,(OH)4, m.p. 174®, is formed when 
d-mannitol is heated with concentrated hydrochloric acid. Hydrobromic acid 
yields the dthrornhydrin, m.p. 178®* 

Nltromannltoi, C4Ha(O.NO,)i.‘^-P- ^^3®* « obtained by dissolving mannitol 
in a mixture of concentrated nitric and sulphuric acids. It crystallizes from 
alcohol and ether in bright needles; it melts when carefully heated and deflagrates 
strongly. When struck it explodes very violently. Alkalis and ammonium 
sulphide regenerate mannitol. Ammonia, or, better, pyridine, acting on 
hexanitromannitol, produces penianittomannitd, m.p. 82® (C. 983 * 

B. 86, 794)- 


Mr 
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Hexacetyl d^Mannitol, C,H«(OCC>CHt)«, m.p. 119* (B. 12 , 2059). when 
left in contact with liquid HCl, changes into Tetra-acetyl Mannitol IHehlorhydrin, 
c C«H|(C,HaO|)4Cla, m.p. 214** (B. 85 , 842). * 

Hexabenooyl Mannitol, m.p. 149®. ‘ 

Mannitol Triformal, C4H|04(CHt)^ m.p. 227® (A. 289 , 20). 

Mannitol Trihonnal, C4Ha04{CHCaH|)a, m.p. 213-217® (B. 28 , 1979)- 

Mannitol Triacetone, 0,11,0,(CiH,),. m.p. 69®, is obtained from mannitol, 
acetone, and a little hydrochloric acid. It has a bitter taste (B. 28 , 1168). 

LsvO'inannltol, m p 163-164®, is obtained by the reduction of 1 -mannose (from 
1-arabinosc carboxylic acid, p. 649) in weak alkaline solution with sodium 
amalgam (B. 28 , 375)* it is quite similar to ordinary mannitol, but melts a 
little lower, and in the presence of borax is lievorotatoiy. 

lomotlTe Mannitol, [d+ 1 ] Mannitol, m.p. 168®, is produced in a similar 
manner, from inactive mannese (from [d+l]-mannonic acid). It is identical 
with the synthetically prepared orocntol (from a-actose, p. 6^6) (B. 23 , 383). It 
resembles ordinal y mannitol, but in aqueous solution is inactive even in the presence 
of borax. Nitiic acid oxidizes it to inactive mannose and inactive, mannonic 
acid. The Utter can be resolved into d- and 1 -mannomc acids (B. 28 , 392). 
d- and 1 -Mannonolactones may be reduced to d- and 1 -mannoses, and these to 
d- and 1 -mannitols. All of these compounds have been synthesized in this way. 

2. d- and 1-Iditols are colourless syrups formed by toe reduction of d- and 

Modoses; compounds, m.p. 219-223® (B. 28 ,1979)* 

3. d-Sorbitol (p. 642), CH,OH(CHOH)4CH,OH, m.p. 75® (anhydrous, 104- 
109®), occurs in mountain-ash berries, forming small crystals which dissolve 
readily in water. It is produced in the reduction of d-dextrose, and together 
with d-mannitol in the reduction of d-fructose (p. 6^7) (B. 28 , 2623). It is 
reduced to secondary hexyl iodide (B. 22 ,1048) when heated with hydriodic acid. 

Sofbxtol Tfiformal, €411404(0112)4, m.p. 206® (A. 289 , 23). 

Triacetone Sorbitol, €411404(04114)4, m.p. 45®, b.p.jj 172®, 

l-Sorbitol (p. 642), m.p. 75®, IS obtained by the reiluction of 1 -gulose (p. 634) 
(B. 24 , 2144). 

4. Dulcitol, Melampyrin, CHa0H(CH0H)4CH401I (p. 642), m.p.- 188®, 
occurs in vaiious plants, and is obtained from dulcitol manna (originating in 
Madagascar). It is produced artificially by the action of sodium amalgam 
on lactose and d-galactose. It crystallizes in large monoclinic prisms, having 
a sweet taste. It dissolves in water with more difficulty than mannitol, and is 
almost insoluble even in boiling water. Its solution remains optically inactive even 
in the presence of borax (B. 26 , 2564). Hydriodic acid converts it into the same 
hexyl iodide that mannitol yields. Nitric acid oxidizes dulcitol to mucic acid. 
There is also an intermediate aldehyde compound that combines with two mole¬ 
cules of phenylhydrazine and forms the osaeone, C4H,4C)4(N4H.€4H4)4 (B. 20 , 
1091). 

Hexacetyl Dulcitol, m p. 171®. 

Dimethylene Dulcitol, €4Hio04(€H4)4, m.p. 244® (A. 290 , 318). Dibenxal 
C4H,404(€H€4H5)4, m.p. 215-220® (B. 27 , 1554). Diacetone Dulcitol, 
€4Hio04(C4H4)4, m.p. 98®, b.p.14 194® (B. 28 , 2533). Dulcitol HexanitraU, 
m.p. about 95**, Dulcitol Pentanitraie, m.p. about 75® (B. 36 , 799)* 

5. d-TaUtol, m.p. 86®, is produced in the reduction of a-talose. 

Trihenxal A-Talitol, m.p. 206® (B. 27 ,1527 ; €. 1908, I. 1529). 

[d-fl] Talitol, m.p. 66®, is formed by the reduction of the body produced 
when dulcitol is oxidized with PbOg and hydrochloric acid (B. 27 , 1530). 

6. RhamnohexUol, €H,.[€H0H]4.€H40H, m.p. 173®, is formed when 
rhamnohexose (p. 635) is reduced with sodium amalgam (B. 23 , 3106), 

7. Glueiuines. These bodies stand in the same relation to idxe hexoseimines 

and amines 636) as the hexitols to the hexoses. They are formed (x) from 
the hexose oximes, and (2) the hexose amines by reduction with sodium am^am. 
d-Glucamine, CH40H.[CH0H]4€HNH4. m.p. 128®, is prepared from dextrose oxime 
and also from isodextrosamine (p. 636), It is a strong bEisc, and is dextro-rotatory. 
Togetoer with the above are formed d~Manno~amine, m.p. 139®, d-Galactamino, 
m.p. X39*. is Uevorotatory (C. 1902, II. 1356 ; 19 <> 3 . II- 1237 ; i 904 » ® 7 *)- 

t B. HEPTAHTDRIC ALCOHOLS: Pemitoi or Mannoheptltol, C4H4(OH),, 
is laiowii in three modifications: d>mannoheptitol, m.p. X87®, l-mannohcptitol^ 
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m.p. 187*, and [d+ 1 ] mannoh0pHiol,m..p. 203^. The d-nannoheptitofor 
occnrs in Laurus p^rsea, *and is obtained, like the other ’two ntodi&atumSt 
by the leductiqp *nf the hoirespdhding mannoheptoses (B. 28 » 936, 2231). The 
fd+l] mannoheptitol is formed when equal quantities of d- and l-manno- 
hratitol are mixed (A. 272 , 189). Hydriodic acid reduces it to hexahydxo- 
toluene (B. 25 , R. 503). 

a>Glueoheptitol, CHaOH(CHOH),CHaOH, m.p. xaS*, is obtain ed froma-gln^ 
coheptose (p. 6^7; A. 270 , 81). Triacetone a~Glucoheptitol, CaH^cOy (CaH.)., 
b,p.|4 200® (B. 28 , 2534). 

a-Qalaheptitol, CfHiaOa. m.p. 183®, is obtained from a-galaheptose (p. 637). 

Volemitol, C,Ha(OH)T, m.p. 156®, dextrorotatory, is found in the pileated 
mushroom, Lactarius volemus (B. 28 , 1973) and in the Primulacea (C. 1902, 
II. 1513)' 

Anh^dro-enneaheptltol, CaH^aOg, m.p. 156% is formed from acetone and 
formaldehyde with lime and water. It is an anhydride of the heptahydiic 
alcohol [CHaOH],: C.CH(OH)C • [CHaOH], (B. 27 , 1089 ; A. 289 , 46). 

I C. OGTAHYDRIC ALCOHOLS: a-Glueo-ootltol, CHaOH[CHOH],.CHa.OH. 
m.p. 141*', is obtained from a-gluco~octose (p. 637, A. 270 , 98). d-Manno- 
oetltol, CHaOH[CHOH]aCHaOH, is produced from manno-octose, m.p. 258®. 
It dissolves with difficu^ in water. 

I D. NONOHYDRlC ALCOHOLS: Gluoononitol, CgHagOt, m.p, 194®, is 
obtained from glucononose (A. 270 , Z07}. 


2 AND 3, PENTA-. HEXA-. HEPTA-, AND OCTO-HYDROXY- 

ALDEHY 0 ES AND KETONES 

The long-known representatives of the first class of carbo¬ 
hydrates, which are produced by hydrolysis from the more complex 
carbohydrates, the saccharobioses (p. 657), like sucrose, maltose, 
and lactose, and from the polysaccharides, — e.g. starch, dextrin, 
cellulose, and others,—are pcntahydroxyaldehydes and pentahydroxy- 
ketones. The most important sugar of the first class is dextrose, formed 
together with laevulose by the hydrolysis of sucrose. It also occurs 
as the final product of the hydrolysis of starch and of dextrin. In 
this connection it may be mention^ that dextrose and laevulose have 
already been refesred to with ethyl alcohol, and in connection with 
its formation by alcoholic fermentation (p. 112). 

The aldehyde character of these bodies is inferred from the ready oxidation 
of certain dextioses to monocarboxylic acids, and their reduction to hexahydric 
alcohols. 3 incke (1880) was the first (B. 18 , 641 Anm.) to suspect that ketone 
alcohols were represented among the dextroses. KUiani^ in 1885, investigating 
the HN^ additive products, proved that dextrose must be regarded as an aldehyde 
alcohol, and laevulose as a ketone alcohol. Hence, it is customary to distinguish 
aldoses and ketoses. The same chemist also sho.ved that arabinose was an aldo- 
pentose, and in so doing laid the basis of an extension of the idea of carbohydrates. 
What was lacking was a method of synthesis. It is true, sugar-like bodies had 
been obtained from formaldehyde (p- 636), but it was E. Fischer who first demon¬ 
strated that a well-defined sugar, a-acrose, could be isolated from it. This, 
as will be observed later, became in his hands the starting-point for the synthesis 
of dextrose and of Isevulose. 

By reducing the lactones of the polyhydroxycarboxylic acids to hydroxy- 
aldehydes or tddoses, £. Fischer developed a method for the preparation of 
hydroxyaldehydes rich in carbon, or carbohydrates, from polyhydroxycarboxylic^ 
adds obtained S3nathetically from aldoses by the addition of hydrocyanic acid 
and subsequent hydrolysis. In this way carbohydrates, containing seven, 
eight, and nine car^n atoms in the molecule, were gi^ually built up (p. 616). 

The dextroses mostly crystallize badly, and for tiieir isolation and recognition 
phenylhydrazine was used. This, E. Fischer also discovered, gave the very best 
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assistant. WoU showed how the oximes of the aldoses could be utilised in 
f their breaking down (p. 617). , , 

The monose character of a compound is very much affected by its 
constitution, as aldehyde alcohol— CH(OH).CHO, or ketone alcohol— 
CO.CH2.OH, in which the aldehyde and ketone group is directly com¬ 
bined with an alcohol group or groups. We thus have monoses con¬ 
taining not only six, but even a less or greater number of carbon and 
oxygen atoms. They are named according to the number of the 
oxygen atoms. 

The simplest aldose, glycolyl aldehyde, CH2OH.CHO, is an 
aldodiose. Glyceric aldehyde, CH2OH.CHOH.CHO, and dihydroxy- 
acetone, CH20H.C0,CH20H, represent an aldotriose and a ketotriose 
(p. 534). The aldehyde and ketone of erythritol is an aldo- and keto- 
tetfOse,z.s just developed under the pentoses (p. 615). Following the 
latter are the hexoses. In this class belong the real sugars : dextrose, 
lavulose, and galactose. * 

In addition to the long-known hexoses—dextrose, laevulose, and 
galactose—many others have been discovered through E. Fischer's 
investigations, so that now the hexoses must be removed from the 
carbohydrate class, and be considered in immediate connection with 
their corresponding hexahydric alcohols. Then follow the heptoses, 
octoses, and nonoses, as well as the oxidation products of these alde¬ 
hyde and ketone alcohols: the polyhydroxymonocarboxylic acids, the 
polyhydroxyaldehydrocarboxyhc acids, and the polyhydroxypolycar- 
boxyhc acids. After the consideration of all these, the higher •carbo¬ 
hydrates, the saccharobtoses, and the polysaccharides, which are the 
anhydrides of the hexoses, will be brought together and fully discussed 
(p. 656). 

2 A. PENTAHYDROXYALDEHYDES AND 3 A PENTAHYDROXY- 
KETONES: HEXOSES, DEXTROSES (GLUCOSES), MONOSES 

Occurrence. —Some hexoses occur widely distributed in the free 
state in the vegetable kingdom, especially in ripe fruits. Esters of the 
glucoses (from sweet) with organic acids arc also /rcquehtly 

found in plants. They are called glucostdes — e.g. salicin, amygdalin, 
conifenn, the tannins, which are dextrose esters of the tannicj acids, 
etc. The glucosides are split into their components by ferments, 
acids, or alkalis. 

Formalion%.—{i) They are formed by the hydrol3d:ic decomposi¬ 
tion of all di- and poly-saccharides, as well as of glucosides, by fer¬ 
ments (p. I13) (B. 28 t 1429), or by boiling them with dilute acids. 
(2) d-Mannose and d-fructose have been made artificially by oxidizing 
d-mannitoL (3) A far more important method pursued in th^.fo "mation 
of the dextroses is to reduce the monocarboxylic lactones with sodium 
amalgam in acid solution (£. Fischer, B. 23 » 930). {4) Different 
optically inactive hexoses, particularly a-acrose or [d+1] fructose 
(p. 637). have been directly synthesized by the condensation of formic 
^dehyde, CH2O, and glyceric aldehyde. 

. The [d+ 1 ] fructose, prepared in this way by £. Fischer is the parent 

ij 



HEXOSES 627 

substance for the complete synthesis of those forms of mannitol, dex¬ 
trose, and laevulose, as occur in nature. 

ProperiieL —^The hexoses are mostly crystalline substances, very 
soluble in water, but dissolving with difficulty in alcohol. They 
possess a sweet taste. The representatives of the hexoses occurring 
m nature rotate the plane of polarization, when in solution, either to 
the left or to the right. The stereoisomers of the more important 
hexoses found in nature have been prepared artificially, and by the 
union of the corresponding dextro- and laevo-forms the optically 
inactive [d+ 1 ] varieties have been obtained. One of these, [d+ 1 ] 
fructose or a-aciose, as previously mentioned, has been directly syn¬ 
thesized. 

Reactions. —^The hexoses show the general reactions of the alcohols, 
the aldehydes, and the ketones, 

- {%) The alcoholic hydrogen of the dextroses can also be replaced 
by metals on treatipi' them with CaO, BaO, and PbO, forming saccha- 
rates, which correspond with the alcoholates, and which are decomposed 
by carbon dioxide. 

(2) On treating the alcoholic solutions of the hexoses with a little 
gaseous hydrochloric acid, their ethers result: glucosides of the 
alcohols (B. 26 , 2400 ; 29 , 2927). 

{3) The hexoses combine with aldehydes, particularly with chloral, 
and with ketones, in the presence of inorganic acids, with an accom¬ 
panying loss of water (B. 28 , 2496). 

(4) The hydrogen of the hydroxyls can be readily replaced by acid 
radicals. A mixture of nitric and sulphuric acids (p, 323) converts 
them into esters of nitric acid (B. 31 ,73)—^the nitro-compounds (p. 529). 
The acetyl esters are best obtained by heating the sugars with acetic 
anhydride and sodium acetate or ZnCl2. whereby five acetyl groups 
are thus introduced (B. 22, 2207). The pentabenzoyl esters are 
prepared with even less difficulty, it being only necessary to shake 
the hexoses with, benzoyl chloride and sodium hydroxide (p. 324) 
(B. 22, R. 668 ; 24 , R. 791). 

An elementary analysis urill not yield a positive conclusion as to the number 
of agyl groups that have entered compounds like those just mentioned. This is. 
ascertained .by first hydrolyzmg them with titrated alkali solutions, or, better, 
with magnesia (B. 12 , 1531)' Or, the acetic esters are decomposed by boiling 
them wrth dilute sulphuric acid. The acetic acid that distils over is then titrated 
(A. 220 , *2X7 ; B. 23 , 1442). The presence of hydroxyl in the dextroses may also 
be proved Dy means of phenyhsocyanate, with which they form carbanihc esters 
(B. 18 , 2606 ; C. 1904, I. iot>8), 

(5) Alkyl sulphuric acids result on treating the dextroses with chlorosulphonic 
acid, CIHSO,. This is similar to the behaviour of alcohols when exposed to like 
treatment (B. 17 , 2457). 

The following reactions show the aldehyde and ketone character of 
the hexoses: 

(1) By reduction (action of sodium amalgam) they become changed 
into hexahydric alcohols. d-Mannose and d-laevulose yield d-mannitol 
and d-fiorbitol, galactose yields dulcitol, and d-sorbitol (and d-mannited) 
seems to result from the reduction of d-dextrose (grape-sugar). 

(2) The oxidation of the hexoses does not occur directly upon 
exposure to the air, but takes place readily by the aid of oiddLaiig 
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agents'; hence they show feeble reducii^ power. They precipitate 
c the noble metals from solutions of their salts, and even reduce am- 
moniacal silver solutions in the cold. A very marked characteristic 
is their ability to precipitate cuprous oxide from warm alkaline cupric 
solutions. One molecule of hexose precipitates about five atoms of 
copper, as CugO. This is the basis of the gravimetric and volumetric 
method for the estimation of the dextroses by means of FeMing's 
solution. Only maltose and lactose, of the di- and polysaccharides, 
act directly upon the application of heat. The others must be first 
converted into dextroses (p. 657). 

FMing*$ solution is prepared by dissolving 34*65 grams of crystallized copper 
sulphate in water, tiien adding 200 grams Rochelle salt and 600 c.cm. of NaOH 
(sp.gr. 1*1200), and diluting the solution to r litre. 0-05 gram of hexose is required 
to reduce completely 10 c.c. of this liquid. The end reaction is rather difficult 
to recognize, hence it is frequently recommended to estimate the separated 
cuprous oxide gravimetrically (B. 13 ,826 ; 27 , R. 607, 760 ; 29 , R. 802). Consult 
B. 23 , 1035, for Soldaini's suggestion of using a copper, carbonate solution for 
the estimation of the hexoses. 

The oxidation-products of the hexoses formed by the action of F$hling*s 
solution vanes according to the concentration, and consist partly of penta- 
hydroxycarboxylic acids (p. 647) and partly of acids of lower carbon content 
down to formic and carbonic acids (A. 857 , 259)* 

The hexoses are converted into their corresponding monocar- 
boxylic acids (p. 647) by moderated oxidation with chlorine and 
bromine water, or silver oxide. The ketoses are more stable than 
the aldoses towards bromine and iodine solutions. 

More energetic oxidation changes them (as well as nearly all carbo¬ 
hydrates) to saccharic or mucic acids. Lactose yields both acids at 
the same time. 

(3) The aldohexoses produce a red coloration in a sulphitc-fuchsine solution 
{Schtff*s reagent), whilst the ketohexoses, like hevulose and sorbinose, do not 
show this reaction (B. 27 , R. 674). The penta*acetyl and pentabenzoyl deriva¬ 
tives of the dextroses and galactoses no longer show the aldehyde character 
(B. 21 , 2S42 ; 22 , R. 669). Hence, it is supposed that the hexoses possess a 
constitution like ethylene oxide or a lactone (B. 21 , 2841; 22 , 2211; 23 , 2x14 ; 
26 , 2403 ; 28 , 3080). 

(4) The aldoses yield mcrcaptals with mercaptans, in tlje presence 
of hydrochloiic acid (B. 27 ,673). 

(5) Oximes are produced when alcoholic hydroxylamine Ucts on 
the h( xoses. To break down the aldoses, the acetyl hydroxy-acid 
nitriles, obtained from the aldoximes and acetic anhydride, are split 
into hydrocyanic acid and acetyl pentoses (p. 617) (B. 24 , 993; 26 , 

730). 

(ба) Osamines are formed when the hexoses are acted on with methyl 
alcoholic ammonia. 

(бб) The hexoses and aniline, as well as its homologucs, yield the anilides—e.g. 
dextrose anilide, CH,OII[CHOH]4CH: NC,H,, which form cyanides with HNC 
—anilidodextrose cyanide. CH,OH[CHOH]4.CH.(CN)NHC,H, (B. 27 ,1287). 

(7) Hydrazine converts the aldohexoses into aldazines, and the ketohexoM 
into ketazines (p. 228) B. 29 ,2308). 

(8) The phenylhj'drazine derivatives are especially interesting 

.(pp. 213, 356). («) If one molecule of the phenylhydrazine, as 
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acetate, is allowed to act, the iirst product will be a hydraxone, CqHkO|.> 
flJ.NH.CoHj). This class* of compounds dissolves readily in water, 
(with the exception of those derived from the mannoses and the higher 
dextroses, B. 28 , 2118). They generally crystallize from hot alcohol 
in colourless needles. G)ld concentrated hydrochloric acid resolves 
them into their components. Benzaldehyde is also an excellent 
reagent for the decomposition of the phenylhydrazones (A. 288,140). 

With uns3rm.-diphenylhydrazine the slightly soluble diphenylhydrazones are 
mainly formed (B. 23 » 2619, etc.}. Benzyl phenylhydrazine is very well suited 
for the preparation of pure sugars; the benzyl phenylhydrazones are decomposed 
by formaldehyde, whereby the sugar is liberated and formaldehyde benzyl phenyl-' 
hydrazone, m.p. 41®, is formed (B. 82 , 3234). Also, unsym.-metliyl phenyl¬ 
hydrazine. bromophenylhydrazine, and ^naphthylhydrazine have been recom¬ 
mended from time to time for the precipitation and separation of the sugars 
(B. 85 > 4444, etc.). 

(6) In the presence of an excess of phenylhydrazine the hexoses, 
like aJl dextroses, cohibine with two molecules of it upon application 
of heat and form the osazones (£. Fischer ): 

C,H,,0,-i-2H,N NH.C.H^-CtHioOJN NH.C,Hb),+2H,0+H,. 

Dextrogaione. 

The reaction is carried out by adding two parts of phenylhydrazine^ two 
parts of 50 per cent, acetic acid, and about twenty parts of water to one part of 
dextrose. This mixture is digested for about one hour upon the water bath. 
The osazone then separates m a crystalline form (B 17 , 579 : 20 , 821; 23 , 
2x17). In this reaction a hydrazonc is first produced, and one of its alcohol 
groups, adjacent to either an aldehyde or ketone group, is oxidized to CO, two 
hydrogen atoms in the presence of excess of phenylhydrazine appearing as aniline 
and ammonia; the aldehydo- or keto-group, which is formed, reacts further 
on a second molecule of phenylhydrazine. One and the same dextrosazone, 
CH,OH.(CHOH),C(N,HC,H,)CH(N,HC,H.) (B. 23 . 2118), is thus obtained 
from d-mannoso, d-dextrose, and d-lsevulose. This would indicate that the 
four carbon atoms which did not enter into reaction with phenylhydrazine 
contain the atoms or groups of atoms with which they are combmed similarly 
arranged. 

It IS of importance in the separation of aldoses and ketoses that with 
unsym -alkyl phenylhydrazincs, such as a-methyl phenylhydrazine, only the 
ketoses yield the yellow methyl phenyl osazones, whilst the aldoses give the simple 
colourless hydrazoncs (B 85 , 959, 2626). 

*rhe osazones are yellow-coloured compounds (see Tartrazme, p. 608). They* 
are usually insoluble in water, dissolve with difficulty in alcohol, and crystallize 
quite leadily. When dextrosazone is reduced with zinc dust and acetic acid it 
becomes converted into isodcxtrosamine (p, 637). Nitrous acid converts the 
latter into Ixvulose (B. 23 , 2110). The reformation of the hexoses from their 
osazones is readily effected by digestion with concentrated hydrochloric acid; 
they are then resolved into phenylhydrazine and the osones* (B. 22 . 88; 28 | 
2120; 85 , 3141): 

C»Hi«04(N*H.C.H,),+2H,0«CH,0H.(CH0H),.C0.C0H+2N,H5.C,H,. 

Dextrosazone. Dextrosone. 

The o^nes dissolve readily in water, and have not been obtained pure. 
They are also formed from aldoses and ketoses directly by oxidation with HiO^ 
in presence of ferrous salts (C. 1902, 1 . 859). They combine, like keto-aldehydes, 
with two molecules of phenylhydrazine and form osazones. They are converted 
into ketoses by reduction, as when digested with zinc dust and acetic acid. In 
this way fructose is prepared from dextrosazone (B. 8, 2121). 

The osones, like all orthodicarbonyl compounds, yield quinoxalinet (B. 88. 
312 X) with the orthodiamines. The dextroses also combine directly with the 
ortho-phenyleae diamines (B. a 0 | iSi). 
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(r) Benzoyl hydrazide, or benzhydrazide, NH|NH.COC|H|, combines vitb 
the aldohexoses to benzosazones, which contain four benzhydrazide residues 
t (B. 29 ,2310): ‘ , 

C,HuO,+4NH,NH.CCX:,HB=tC,H,0,(N.NH.COC,H,)4+4H,0+3U,. 


Synthetic and Degradation Reactions of the Hexoses, 

(i) Being aldehydes or ketones, the hexoses combine with hydro¬ 
cyanic acid, forming cyanhydrins, which yield monocarboxylic acids 
(p. 615). Their lactones can in turn be reduced to aldoses, whereby 
the synthesis of the monoses is achieved. Usually in the hydrogen 
cyanide addition the nitriles of both the acids possible theoretically 
are produced, but not in equal amounts. 

These two reactions: (i) the hydrogen cyanide addition to the aldoses, and 
(2) reduction of tlic lactones of the hydroxycarboxylic acids, obtained from the 
nitriles, by means of sodium amalgam make possible the genetic connection of 
the following aldoses (B. 27 , 3192): 

, 1 -Mannosc 
l-Arabinosc- ; 

'l-Dcxtrose 
,1-1 dose 

1 -Xylose 

"^1 Gulose 

Rhamnose- —^d-Rhamnohexose 
d-Mannose- >d-Mannoheptose 

a-Glucoheptosc 

d-Dextrose ^ 

^ ^-Glucoheptose 
a-Galahcptose 

d-Galactosc 

■^Galahcptose 


* 1 -MannoheptosS 

Rhamnoheptose “ - Rhamno-octose 

-> -Manno-O' lose-d-Mannononose 

a-Gluco-octose-^ Glucononose 

jS-Gluco-octose 

xalaoctose 


(2) The degradation of the aldohexoses to aldopentoifs through their oximes, 
and by oxidation with IIjO, has already been discussed as a special case of a 
general reaction (p. 6ih). 

(3) The behaviour of the hexoses with alkalis, such as the hydroxides of sodium, 

calcium, lead, zinc, etc., is noteworthy. Dilute alkalis strongly depress the 
optical loUtion of the naturally occui ring hexoses, as a result oJ partial isomerisa¬ 
tion to the stercomcric aldoses and ketoses as far as the point of equilibrium (see 
B. 28 ,3078 ; A. 357 , 294). Mannose, dextrose, and imulose yield a mixture of 
these three hexoses. together with tjf-lavulose and glutosr (or yhetohexosh ?); 
similarly, galactose may yield l-sorbose, ^‘tagatose, talose, and galtose' (or 3- heto~ 
hexose ?). ^ 

Longer action of alkalis decomposes this mixture of hexoses mainly into 
lactic and other acid (B. 41 , 1009). It is probable that the formation of lactic 
acid results from the initial formation of glyceraldehyde, w'hich loses oxygen and 
is changed into methyl glyoxal (p. 348), which in turn changes into lactic acid: 

CH,(OH)CH(OH)CH(OH) CH,(OH)CH(OH).CHO > 

CH,{ 0 H)CH( 0 H )<!:0 CH,( 0 H)CH( 0 U).CH 0 > 

3-Ketofaexose (see above). Glyceraldehyde. 

CH,CO.CHO-^ CH,CH{OH)CO,H 

CH,CO.CHO - >■ CH,CH(OH)COOH 

Mcibyi Glyosal. Lactic Acid. 


The formation of methyl glyoxal, according to the above scheme, is made 
the more probable by the action of zinc ammonium hydroxide on dextrose pro¬ 
ducing methyl glyoxahnc, which should be prepared from methyl glyoxal and 
ammonia (p. 346) (B. 89 , 3886). 
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In addition to the products of reaction between hexoses and alkalis, there 
are also formed—^particularly when lime-water is employed— saccharic acids 
(p. 620), tne production of whi^h results partly from an intra-molecular wandering* 
of oxygen, and also in a change of the form of the normal carbon chain (comp. 
A. 357 , 294 ; B. 41 , 469 , 1012). ^ 

If air be passed through an alkaline solution of the hexoses, or if H$Ot be 
added, mainly formic acid is formed, together with higher molecular non-volatile 
acids, the formation of which is explained by partial decompo«iition of the hexose 
into formaldehyde and the oxidation of the latter into its acid (B. 89 ,4217) (see 
also p. 628; Fehhng*s solution). 

(4) Fermentation of the Hexoses. —^The ready fermentation of the 
hexoses when exposed to the action of schizomycetes is characteristic 
of them. Tb y undergo various decompositions. 

(а) The alcoholic fermentation of the hexoses is the most important 
decomposition of some of the aldohexoses which is induced by yeast 
cell'i. d-Dextrose or grape-sugar, d-mannose, d-galactose, and the 
ketohexoscs, d-fructose or fruit-sugar, are acted on in this manner. 
Tliis subject was teamined in detail under ethyl alcohol (p. 112). 
The other hexoses are not altered by the yeast fungi (B. 27 , 2030). 

(б) In the lactic acid fermentation, the hexoses, lactose, and gums decompose 
directly into lactic acid: 

C.ir,aO,=2C,H.O, 

the active agents being various kinds of fission-fungi— schizomycetes, bacilli, 
and micrococct. Decaying protein matter (decaying cheese) is requisite for 
their development, which only proceeds in liquids which are ndt too acid 
(p. 363). The temperature most favourable varies from 30-50®. Prolonged 
ferm'*ntation cau scs the lactic acid salts which arc formed to undergo 

(c) butyric aetd fermenlatton, which is due to the action of other bacilli (p, 259). 
This fermentation is explained chemically by the decomposition of lactic acid 
into formic acid and acetaldehyde (p. 199), the condensation of the latter into 
aldol (p. 338) which changes into butyric acid with the intra-molecular wandering 
of an oxygen atom: 

CHgCHOH H CH.CHO CH.CIiOH CH.CHj 

2 I -2* + --—I -I 

COOH . CQOU IIOC.CHa HOC.CH, HO.C.CH, 

(d) Citric Acid fermentation of dextrose (p. 610). 

(tf) In mucous fermentation chains of cells are to be found, which convert 
dextrose into a mucoid, gummy substance, with the generation of COf. d-Mannitol 
and lactic acid are also formed. 

• 2 A. ALDOHEXOSES 

(i) ManiipBe, CeHi206t is the aldehyde of mannitol. Like the 
latter, it exists in three forms (p. 610) : dextro-, laevo-, and inactive 
[d+l] mannose (spacial formulae, p. 641; constitution, p. 644). 

6 -Mannose, Seminose. m.p. 136®, was first prepared by oxidizing ordinary 
d-mannitol, together with d-fructose, with platinum black or nitric acid (B« 
22, 365). It is also obtained from salep mucilage (from salep, the tubers of 
certain ordiids), and most easily from seminine (reserve-cellulose), occurring in 
different plant seeds, particularly in the shells of the vegetable ivory nut, when 
this is boiled with dilute sulphuric acid (hence called semtnose) (B. 22 , 609, 32x8), 
d-Mannonic acid yields it upon reduction. It reduces Fehling*s ^lution, and 
is fermented by yeast (B. 22 , 3223). When treated with alkalis it changes 
partly to d-dextrose and d-fructose (p. 630). Its hydrazone, m.p. I 95 *» diwolves 
with difficulty in water. Bcnzaldehyde decomposes it into puw crystallised 
d-mannose (B. 29, R. 913). Its osazone, CcH|e04(NtHC«Hs)ti is identical with 
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d-dextrosazone. d~Mannosoxime, m.p. 184* (B. 24 , 699). Nascent hydrogen 
converts it into d-mannitol. Bromine oxidizes it to d-mannonic acid. Hydro¬ 
cyanic acid causes it to pass into d-mannoheptonlc acid (p. 651). p 

Methyl d-Mannose, m.p. 190*# [a] 5 f"=+ 79'2 (B. 29 , 2928); 

pgntaniirate, m.p. 8x* (B. 81 , 76). 

l-Mannose results when 1-mannonic lactone is reduced (p. 649 ; B. 28 , 373). 
It is very similar to the preceding compound, but is laevo rotatory, and is fer¬ 
mented with more difficulty. Its hydrazone, m.p. 195^, also dissolves with 
difficulty. It unites with two molecules of phenylhydrazine to form l-dextro- 
sazone. It becomes converted into I-mannitol by reduction (B. 23 ,375). Methyl 
\~Mannose, m.p. 190®, [a}^^ = “ 79 * 4 '’ (B- 29 , 2929). 

[d+l] Mannose is formed (i) by the oxidation of a-acritol or [d+ 1 ] mannitol 
(p. 623), which can be obtained by the reduction of synthetic a-acrose or [d-f 1] 
fructose; (2) by the reduction of inactive [d +1] mannonic lactone; (s) by the split¬ 
ting of a mixture of d- and 1 -mannose phenylhydrazone by formaldehyde (C. 1903, 
I. 12x7). It is quite similar to the two preceding compounds, but is inactive. 
Its hydraxone, m p. 195", dissolves with difficulty, and is inactive. Its osazone 
is [d-fl]-dextrosazone, identical with a-acrosazone. Yeast decomposes it, the 
d-mannose is fermented, and l-mannose remains (£. 23 , 382). Methyl [d+ 1 ] 
Mannose, m.p. 163®, is obtained from the solution of %qual quantities of its 
components at 15**. Below 8® the components crystallize out separately (B. 29 , 

2929). 

(2) Dextrose, is probably the aldehyde of sorbitol, and 

occurs as dextro-, laevo-, and inactive [d+1] dextrose (p, 642). 

d-Dextrose, or Grape Sugar, formerly called glucose, m.p. with 
one molecule of water 86®, anhydrous, 146®, occurs (with laevulose) 
in many sweet fruits and in honey ; also in the urine in Diabetes melliius. 
It is formed by the hydrolytic decomposition of pol5reaccharides 
(sucrose, starch, cellulose) and glucosides. It is prepaied on a large 
scale by boiling starch with dilute sulphuric acid (see B, 13 , 1761). 
The synthesis of dextrose has been made possible by the production of 
dextrose in the reduction of the lactone of d-gluconic acid (p. 637). 

Commercial dextrose is an amorphous, compact mass, containing only about 
60 per cent, dextrose, along with a dextrin-like substance, galhstn, CiaHs40|^, 
which is not fermentable (B. 17 , 2456). 

The best method for preparing pure crystallized dextrose consists in adding 
to 80 per cent, alcohol mixed with ■}$ volume of fuming hydrochloric acid, finely 
pulverized sucrose, as long as the latter dissolves on shaking (J. pr. Ch. [2] 20 ,244). 

Dextrose crystallizes from water at the ordinary temperature, or 
dilute alcohol, in nodular masses, with one molecule of water, \ghich it 
loses at no®. At 30-35° it crystallizes from its concentrated aqueous 
solution, and from its solution in ethyl or methyl alcohol, in anhydrous, 
hard crusts (B. 15 , 1105). 

Dextrose is not quite as sweet to the taste as sucrose, and is employed 
to '* improve '* wines. 

When the ordinary crystalline dextrose is dissolved in water without the 
assistance of heat, it shows [a]D=+io6® ; if it be boilrd for twenty-four hours, 
or if a trace of alkali be added to it the rotation falls to one half;*[a]o“+53- 
An equilibrium is here set up, and the more highly rotating a-dextrose can he 
separated. But if melted dextiose be heated to no® another modification— 
)f-dextiose, [a]n»+22'6® is obtained, which, in aqueous solution, slowly rises 
to [a]»*+53®» pyridine solution dextrose (m.p, 146®) also exhibits birota- 
tioH ; if this solutiem be treated with acetic anhydnde at o® mainly a-pentacetyl 
dextrose (p. 634) will be obtained. If, however, the solution be heated till it 
4iows the smaller angle of rotation, then j 3 -pentacetyl dextrose will he obtained 
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by the same reagent. Further, the highly-rotating form of a-methyl glucose 
(below), when hydrolyzed by the ferment maltase, yields the more highly 
rotating a-degtrose; zhe lowdt j8-form of methyl dextrose gives, with emulsin, » 
the lower rotating y-dextrose. 

It is, therefore, (probable that there are two interconvertable steraomeric 
forms of dextrose Imving a alkylene oxide or lactone struct ure 

CH,( 0 H)CH{ 0 H)CH( 0 )CH( 0 H)CH( 0 H)CH( 0 H) 
from which the stereomeric alkyl dextrose, pentacetyl dextrose, etc., are 
derived (A. 881 , 359 )> 

In general, dextrose shows all the properties of the aldoses; syn- and anii^ 
(a- and p~) d~dtxtrose phefiylkydraxine, m.p. 160° and Z41*’, is hevo-rotatory (A. 
362 . 78). 

d-Dextrosazone, a-variety, m.p. 145°; j8-variety m.p. 205° (B. 41 ,75) 
is Iflpvo-rotatory in aqueous solution. It may also be prepared from 
d-mannose and d-fructose, as well as from dextrosamine and isodextro- 
samine. Concentrated hj'drochloric acid converts d-dextrosazone into 
phenylhydrazinc ai^ dexlrosone, CgHioOa (p. 629); which regenerates 
d-dextrosazonc with two molecules of phenylhydrazinc. It is a non- 
fermentable syiup (C. 1902, I. 895), and if it be reduced with zinc 
and acetic anhydride, is converted into d-fructose (B. 22 , 88). 

Dextrose is converted, by reduction with sotUum amalgam, into d-sorbitol 
with some d-mannitol, by acid oxidation, into d-gluconic acid and d-saccharic 
acid. Alkalis convert it partly into d-mannose and d-fructose (B. 28 , 3078) 
together with ^-fructose and glutose (p. 630); prolonged action of alkalis produces 
lactic and other arid products (p. 630). 

Milk of lime converts d'^xhose partially into saccharic acid (p. 620). Alkalis 
and Vnzhydra/ide break up the dexi osc molecule, and form benzoyl osazone of 
glyoxal and methyl glyoxal (B. 81 ,31). Ammonium zinc hydroxide gives methyl 
glyoxaline (p. 630). For the products of alkaline oxidation of dextrose, sec pp. 628, 
631. and B. 27 , R. 788. 

The quantitative determination of dextrose may be effected by means of 
alkaline mercury cyanide and mercury potassium iodide solutions (B. 89 , 504). 

Saccharates.—With barium and calcium hydroxide solutions dextrose forms 
saccharates, like C^HijO^CaO, and CfllnOs.BaO, which are precipitated by 
alcohol. With NaCl it forms large crystals, 2C,HijO,.NaCl-f 11 , 0 , which some¬ 
times separate in tlie evaporation of diabetic urine. 

Alkyl d-Glucosides.—The glucosides are the ethereal derivatives of the 
dextroses. Those of dextrose particularly are frequently found in the vegetable 
kingdom. They generally contain the residues of aromatic bodies, and therefore 
will be discussed later. The simplest glucosides are the alkyl ethers of the sugars) 
which arc produced in the action of IlCl on alcoholic sugar solutions (B. 28 , 
1151).* FeW/wg’s solution and phenylhydrazine at too® do not affect the alkyl d- 
dextioses. However, they are decomposed into their components when boiled 
with dilute acids, or by ferments (p. 631). These properties argue for the alkylene 
oxide formul®'for the alkyl dextroses (p, 6^2): 

a-and p-Meihyl Dex'roset m.ps. 165® and 107®, are stercochexni* 

cally different, the a-compound being dextro-rotatory [a]D4* = 157*6®. the^-body 
being laevo-rotatory [a]„— —31 *85® (B. 84 , 2899). They are formed together by^ the 
action of hydrochloric acid and methyl alcohol on dextrose, and can also be obtained 
from a- and j8-aceto-chloro orbromo-dcxtiose, methyl alcohol and silvcrcarbonate, 
and hydrolyzing the resulting ietra-acetyl methyl dextrose. ) 5 -Methyl dextrose 
is formed from dextiose, dimethyl sulphate and alkate (B. 34 , 957, 2885 ; C. 1903, 

I- 1593)- The a-compound is decomposed by invertin, but not the ) 8 -substance, 
which, however, is attacked by emulsin (B. 27 , R. 885 ; 27 , 2479, 2985; 2 ^ 
X145). Ii a-m^hyl dext'ose be alkylized by means of silver oxide and iodo* 
methane in methyl alcohol there is formed, among other compounds, orMeihyl 
Tetramethyl Dextrose, b.p.i, 145®. Hydrol ysis converts this into Tetrametkyi 

Dtatrm, CH^CH,CH(0CH,)CH((!>)CH(0CH,)CH(0CH,)CH0H. a.p. 89*. b.pk,, 
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182-185*. It is also found by the hydrolysis of methylated saccharose and 
maltose, also from pentamethyl salicin (VoL II.) (C. 1903, 11 . 346; 1904, II, 
891 ; 1906, 11 . 345 ; 1908, 1 . X043). It is a reducing siibstance. exhibits muta- 
rotation, and is converted by oxidation into tetramethyl glucopic lactone. 

p'Phenyl Glucoside, C*H„ 0 ,.C*H„ m.p. 175®, is formed from ) 9 -acetocliloro- 
dextrose and sodium phenolate (B. 34 , 289S). 

a- and p-Pentacetyl Dextrose, C,H70(0C0CH*)5, m.ps. 112® and 131®. 
a- and B-Acetochlorodextrose, C,H70(0C0CH,j4Cl. m.ps. 64® and 74*. 
a- and S-Aceiobromodextrose, C,H70(0C0CHa)4Br, m.ps. 80® and 89®, are closely 
connected with the a- and ^-alkyl d-dextroscs and must therefore possess a similar 
structure, a* and )8-pentacety] dextrose, which have lost their aldehi die character 
are formed from dextrose and acetic anhydride with zinc chloride, sodium acetate 
or pyridine (see above): zinc chloride causes the j8>variety to change into the a- 
form. When treated with liquid HCl or HBr one acetyl group is exchanged for 
a halogen atom and acetochloro- and acetobromo-dextioses result. The) 9 -aceto- 
halogen-dextro^.cs were first formed directly from dextrose by the action of acetyl 
chloride or bromide; the i 3 -acetochlorodcxtrose being also obtained from pent- 
acetyl dextrose, PClg and AlCl,. They are remarkable for the reactivity of the 
halogen atom, which can readily be replaced by the acetyl, alkoxyl, and O.NO|- 
groups. In the latter case, Acetonitrodextrose, C4H70(0C0CHj)4(.0N04), m.p. 
151®, is formed, which crystallizes well. It is also forced from ^pentacetyl 
dcxtiose and nitric acid (A. 331 , 381). The following formulae express the probable 
structure of these compounds, in which the a- and p varieties are considered as 
being stereomeric (p. 633) (B. 34 , 957. 2885, 3205 ; 35 , 833 ; C. 1902, I. 180): 


/CH.OCH, 

/f 

O (CHOH), 


XH.OCOCH* 
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O (CHOCOCH,), 


CH.Cl 
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O (CHOCOCH,), 


, CH.Br 
/1 

O (CHOCOCH,), 


\ 1 

'CH 

\ 1 
'CH 

\ 1 
'CH 

\l 

Vh 

1 

CHOCOCH, 
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1 

CHOH 

CHOCOCII3 

j 

CHOCOCH, 

1 

CH2OII 

Meihyl 

Glucosidc. 

1 

CHaOCOCH, 

Pentacetyl 

Dextrose. 

CHjOCOCH , CH jOCOCH 

Acetochloro- and Acetobromo Dextrose. 


d-Drxtrose Mercaptal, C4Ht205(SC,Hj)j, m.p. 127®, is obtained from d- 
dextrose, mercaptan, and HCl. d-Dextrose hLhylinr Mercaptal, C4H12O4:- 
SjC 2H4, m.p. 143®. d‘Dextrose Trimethylene Mercaptul, CgHijOjrSjCjH,. m.p. 
130®. d-Dcxirosehengyl Mercaptal, C4H,jOj(SCH*.C4ll5)a, m.p. 133® (B. 29 , 547). 
Methylene Dextrose, C4H,o(CH8)04, m.p. 187® (B, 32 , 2585). 
d-JMxtrose Monacetone, C4H,o04:C(CHj)|, m.p. 156®. d-Dextrose Diacetone, 
C.H,04[C(CH8)8]„ m.p. 107® (B. 28 . 2496). 

d-thlornlose, m.p. 189®, and d-Parachloralose, CglligCl^Og, m.p. 227®,'are 
two isomeric bodies, produced by the rearrangement of d-dextrose with chloral 
(B. 27 , R. 471 ; 29 , R. 177). * 

d-Dextrosoxime, CgHuOgNOH, m.p. 137®, when acted on with^ acetic 
anhydride ami sodium acetate, yields pentacetyl d-glucononitrile (p. 649), from 
which d-arabino.sc was isolated (p. 618). These are reactions which render 
possible the breaking down of the aldoses. Reduction to glucamine (p. 624). 

drDextrose Amtnoguanidine Chloride, C4H12Og.CN4H4.HCl, m.p. 165°, is ob¬ 
tained from d-dextrose and aminoguanidine hydrochloride (B. 27 , 971)- 

drDextrose Semicarbazone, m.p. 175® with decomposition (B. 31 ,2199, footnote). 
d-Dextrose CHjOHLCHOHliCHiN—N:CH[CHOH]4CHtOH, is very 

hygroscopic (B. 29 , 2^08). 

l-Dextrose, m.p. 143®, is formed when the lactone of 1 -gluconic acid is reduced. 
It is perfectly similar to dextrose, but is laevo-rotatoiy, [a]ii——31*4®. Its 
dextrosazone is, however, dextro-rotatory. Its diphenylhydraeone, CgH^gO^rN.- 
N(C4H4)4, m.p. 163®, dissolves with difficulty (B. 23 , 2618). 

[d-f-l]-Dextr 05 e results from the union of d- and l-dextrose, and by the reduc¬ 
tion of [d+1]-gluconic lactone. [d-\-\yDextrosazone, m.p. 218*, isalso formed from 
inactive mannose, and from synthetic a-acrose, or [dH-l]-lxvulose (p. 637) (B. 23 , 
383, 2620). 

b) Gnloseg CHtOHLCHOHlgCHO (space formula, p. 642), the second 
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aldehyde o£ sorbitol, is likewise known in its three modifications. They are 
iormed by the reduction of the lactones of the three gulonic acids (p. 640), and 
by further reduction yield the sorbitol. They are syrups and are not fermented 
by yeast. ThI name gulose is intended to indicate their relationship to glucose 
(the old name for dextrose), the first aldehyde of sorbitol. 1 - and [d+ 1 ] Gulost 
Phenylhydrazone, m.p. 143®. l-Gulosaxons, m.p. 156®. [d+ 1 ] Gulosasone, m.p. 

157-159®. 

(4) d- and Mdoses are prep \rcd by the reduction of the idonic acids or their 
lactones (p. 650). They yield d- and 1 -iditolon reduction (p. 624) (space fonnula, 
p. 642). 

(5) Galactose, the aldehyde of inactive dulcitol (p. 624), formed by internal 
compensation, is known in three varieties. The [d+ 1 ] Galactose, m.p. 140-142®, 
results from the reduction of the lactone of [d +1] galactonic acid, and when fer¬ 
mented with beer yeast it becomes 1-galactosc; phenylhydvaxone^ m.p. 158- 
160® : osazone, m.p. 206®. 

1 -Galactose, m.p. 163° (p. 642), yields dulcitol on reduction, and mucic acid when 
it is oxidized ; phvttylhvdrazove, m.p. 158-160® ; osazone, m.p. 206®. 

d-Galactose, CHa011[CH0H]4CH0, m.p. 160®, is dextro-rotatory and fer¬ 
mentable (B. 21 , 1573) (see also p. 642 ; B. 27 , 383)< It is formed along with 
d-dextrose in the hydrolysis of lactose, of galactitol, a beautifully crystal¬ 

lized body occurring ill yellow lupins (B. 29 , 896; and of various gums (called 
galacrans) (B. 20 ,1003), which nitric acid oxidizes to mucic acid. It is prepared 
by boiling lactose with dilute sulphuric acid (A. 227 ,224). Dulcitol is formed 
by its reduction, and galactonic and mucic acids by its oxidation. HNC and 
hydrochloric acid change it to galactose carboxylic acid (p. 651). When heated 
with alkalis it is converted into Usorbose, d-tagatose, d-talose, etc. (p. 636). a- 
and jS-Methyl d-Galactose, m.p. ni® and 173-175°. Emulsin decomposes the 
second (B. 28 , 1429). It stands in the same relation to pentacetyl galactose, 
m.p. 142°, acetochlovogalaciose, m.p. 76® (82®), acetobromogalactose, m.p. 83®, 
and acetonitrogalactose, m.p. 94®, as do the corresponding dextiose derivatives 
(p. 634). a- and p^Methyl Tcitamethvl-Galactose, etc., form, b.p.ti 137®,/?-form, 
m.p. j5® (C. 1904, II. 892). a- and ^-Galactose Pentanitrate, m.ps. 115® and 72® 
(B, 81 , 74). Galaciochloral, m.p. 202® (B. 29 , 544); oxime, m.p. 175®, sec 
Pentacetyl Galactonic Nitrile (p. 650); osazone, m.p. 193°. Galactose Amido- 
guanidine Chloride (B. 28 , 2613). • The Ethyl Mercaptal, m.p, 127® ; Ethylene 
Mercaptal, m.p. 149® (B. 29 , 547). 

(6) d-Talose, CHaOHCCHGlll^CHO, is formed by the reduction of the lactone 
of d-talonic acid (jj. 650) ( 13 . 24 , 3^525). Space formula, p. 643 ; comp. B. 27 , 383. 

(7) Bhamnohexose, Methyl liexose, CHa,CHOH(CHOII]4.CHO, m.p. 181®, is 
produced by the reduction of rhamnose carboxylic acid ; osazone, m.p. 200®. It 
forms methyl hcptoiTic acid with hydrocyanic and hydrochloric acids. 

3 A. KETOHEXOSES 

Fructose, CH20H[CH0H]3.C0.CH20H, occurs as d-, 1 -, and ’ 
[d+l] varieties. 

d-Pructose, Lsevulose, Fruit Sugar (space formula, p. 646), m.p. 
95°, occurs in almost all sweet fruits, togetlier with dextrose. It 
was discovered in 1847 by DubrunfauL It is formed, (i) together 
with an equal amount of dextrose, in the decomposition of sucrose, 
and is separated from the latter through the insolubility of its calcium 
compound (B. 28 , R. 46). As fructose rotates the plane of polariza¬ 
tion more strongly towards the left than dextrose does to the right, the 
decomposition of the d-sucrose leads to the formation of a laevo-rotatory 
invert sugar solution (p. 113). 

(2) On heating inidin with water to 100® for twenty-four hours, 
it is changed exclusively to laevulose (A. 205 , 162 ; B. 23 , 2107). It 
can also be obtained from secalose, a carbohydrate contained in green 
rye plants (B. 27 , 3525). 

(3) It is formed together with d-mannose in the oxidation of 
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d-mannitol; also (4) from d-dextrosazone, which has been prepared 
from d-dextrose, as well as from d-manno^. Th^s method of formation 
allies fructose genetically with d~dextro$e and d~mannose (p. 631). Hence, 
in spite of its laevorotalion of [a],>==—92*3® (A. 25 , 166), it is called 
d“fructose. Fructose crystallizes with difficulty, and dissolves with 
greater difficulty than dextrose. By reduction it yields d-mannitol 
and d-sorbitol; and when oxidized the products are d-eiythronic 
acid (p. 598) and glycollic acid. It is partially converted into dr 
dextrose and d-mannosc by alkalis (p. 631). Heated under pressure 
with a little oxalic acid, d-fructose becomes ]8-hydroxy-S-methyl- 
furfural (B. 28 , R. 786). It yields d-fructose carboxylic acid (p. 651) 
when treated hydrocyanic and hydrochloric acids ; this may be 
reduced to meth}'! butyl acetic acid, whereby the constitution of 
fructose is proved. Phenylhydrazinc and fructose yield d-dextrosazone. 

Methyl d-fructose (B. 28 , xi6o). Lcavulochloral, mp. 228" (B. 29 , R. 544). 

a- and ^-Ltevulosan Trinitrate^ CgH70j(N0f)j, m.ps. and 48® (B. 81,76). 

1 -Fructose is produced by fermenting [d+ 1 ] fructose (a-acrosc) with yeast (B. 

28, 389). 

[d { 1 ] Fruetose or a-Acrose.—The resolvable fructose modification is, by 
virtue of its own synthesis, of the greatest importance in the synthesis of sugars 

(p. 637)- 

Historical, — Meihylcniian, the first compound resembling the sugars that 
was prepared, was obtained by Butlerow (1S61), who condensed trioxy- 
mcthylene (p. 199) with lime-water. 0 . Loew (1885) obtained/omosff, (CH,OH)*- 
C(OH)CH(OH).CO.CH,OH (?) (J. pr. Ch. 33 , 321 : C. 1897, I. 803, 906) in an 
analogous manner from hydioxymethylene, and somewhat later the fermentable 
methose, by the use of magnesia (B. 22, 470, 478). E. Fischer considers these 
three compounds mixtures of difierent dextroses, among which a*acrose occurs 
(B. 22, 360). The latter, together with ^acrosc, is obtained more easily by the 
action of barium hydroxide on acrolein hyomide, C,H,OBrj {E. Fischer and 
as well as from glyceric aldehydc,CH,OH.CHOH.CHO, or dihydroxyacetone, 
/. Tafel fB. 20, 1093)), and by the condensation of so-callcd glycerose (p. 534), 
CHjOH.CO.CHjOH, by condensation (B. 23, 389, 2131 ; 36, 2630). Reduction 
converts [d -f l]-fructose or a-acrosc into [d4-i]**nanmtol or a-acritol. 

(2) d-Tagatose, m.p. 124®, is formed by the action of potassium 

hydroxide solution on galactose. It is a ketose. d-Tagatose, galactose, and 
talose yield the same osarone, and therefore bear the same relation to one 
another as Izevulose, dextrose, and mannitol. The above-mentioned alkali 
treatment also produces Gaitose and 

(3) 1 -Sorbose, ^-TagatosCt m.p. 154®, the optical isomer of *• 

d-Sorbose, Sorbinose, C,Hi, 0 ,, m.p, 154®. This is obtained from d-sorbitol 

(p. 624) by the action of Bacterium xylinum, and unites with 1 -sorbose to form 
[d-f- 1 ] sorbose. Reduction with sodium amalgam gives d- and l-sorbose„as well 
as d- and 1 -sorbitol and d- and 1 -iditol (p. 6 24). They are to the guloses and idoses 
what the Isevuloses are to the dextroses and mannoses, and 9 re also ketoses 
(C. 1900, I. 75S). 

HeMose and Pentose Imines and Amines, Ammonia unites with the hexoses 
with loss of water to form dextrosimine, mannosimine, galactosimine, and forms 
with the pentoses arahinosimine, xylosimine, etc., which are decomposed by acids 
into the original aldos's and ammonia. Isomeric with the hexosimines is 

d-Dextrosamine, Chitosamine, CH,OH[CHOH]»CH(NH,)CHO, m.p. no® with 
decomposition (B. 81 , 2476), is obtained, with other hexosamines, by hydrolyzing 
with hydrochloric acid the chitin of the armour of lobsters, and from the cellulose 
of the fungus Boletus edulis ; also from the hydrolysis of proteins, particularW 
mucine (see B. 84 , 3241, etc). It is therefore of ^at physiological interest. It 
is prepared synthetically by reduction with sodium amalgam of the lactone of 
d-dextiosaminic acid, which is formed from d-arabinosimine, hydrocyanic, and 
hydrochloric acids (B. 88, 28), It loses water with phenyl cyanate, and forms 
a compoundt m.p. an*; phenylhydrazine produces as dextrosasone. With 
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hydiozylami&eitl»rm8^/7'o$0mt«u>jrtm«, m.p. about 122* (B. 81 » 2198). DeictrOB- 
amine reacts with nitrous acid to form an unfennentable sugu Mtos$ (B. 8^ 
402X ; 86, 2589); oxidation wfth bromine water produces d-dextrosaminic ucid 
(p. 651); with nitric acid isosaccharic acid. 

Iiodextroaamlne, d-Fructosamine, CH|OH[CHO^iCO.CHNHa, is obtained by 
reduction of dextrosazone, and when reduced sodium amalgam yields d-mannos- 
amine and d*glucamine (p. 624). 

2 B. ALDOHEPTOSES, 2 C. ALDO-OCTOSES AND 2 D. ALDONONOSES 

[E. Fischer, A. 270 , 64). 

Just as aldohexoses can be built up from aldopentoses, so can aide- 
heptoses be obtained from aldohexoses, and aldo-octoses from the 
aldoheptoses, etc,, — e.g. hydrocyanic acid is added to d-mannose, 
the lactone of the d-mannoheptonic acid is then reduced to d-manno- 
heptose, which, subjected to the same reactions, 5delds d-manno- 
octos^ (see p. 630). The heptoses and octoses do not ferment. Hepiitols, 
ociitols and nonitols are formed in their reduction (p. 624). 

d-Mannoheptose, 0^140,, m.p. 135®, is obtained (i) from the lactone of 
mannoheptonic acid (p. 651); (2) perseEtol yields it when oxidized (p. 625). 
Its hydrazone, m.p. al^ut 198^, dissolves with difficulty; osasone, m.p. about 
200* (B. 23 ,2231). Sodium amalgam converts it into perseitol (p. 623). 1 -Manno- 
heptose (A. 272 ,186). 

a-Dextroheptose, C,Hi407, m.p. about 190*; osazone, m.p. about 195*. 
^•Dextroheptose (A. 270 , 72, 87). 

a-Galaheptose, fzom a-galaheptonic acid, forms an osaione, m.p. 

about 200**; it is converted by hydrocyanic and hydrochloric acids into gala- 
octonic acid (p. 652). ^-Galaheptose, m.p. with decomposition 190-194**, is 
obtained from the lactone of ^-galahoptonic acid (A. 288 ,139). 

d^danno-octose, C4H14O,, is obtained from the lactone of manno-octonic 
acid (B. 28 , 2234). a-Gluco-octose (A. 270 , 95). a-Galaoctose (A. 288 ,130). 

d-Mannononoss, CfHigO,, the lactone of d-mannononomc acid, is very 
similar to dextrose. It ferments under the tnfluence of yeast ; hydraxone, m.p. 223*; 
osaxone, m.p. about 227^ (B 23 , 2237). Glucononose (A. 270 , 104). 

THE SYNTHESIS OF GRAPE SUGAR OR d-DEXTRDSE, AND OF FRUIT 

SUGAR OR d-FRUCTOSE 

As repeatedly mtmtion d, E. Fxseker succeeded in isolating a-Across or [d-fl]- 
Fructose from the coxiden ation products of glycerose (p. 534) and formaldehyde 
(p, 199). In his hands this became the parent substance for the preparation 
not only of laevulose or d-tnictose, and of dextrose or d-glucose, but also of 
d>mnnnose,of ordinary or d-mannitol, and of ordinary or d-sorbitol, as well as of the 
1 -modihcatiOns corresponding with the bodies just mentioned, Theintimate con-' 
nectionj between these substances are represented in a diagram given on p. 368. 

Follpwing the course laid down in this scheme, which finally culminated in the 
synthesis of Isvulose and of dextrose, the parent material is found to be a~Acrose 
or [d-fl]--PrMc<9Stf. This is produced by the aldol condensation of glycerose, 
a mixture of the first oxidation products of glycerol, through the agency of 
sodium hydroxide. The reduction of a-acrose yields a-acrtiol or \d-\'\\-mannitol, 
which is arrived at in the following manner: When ordinary or d-mannitol is 
oxidized, d-mannose results, and the latter by similar treatment becomes d- 
mannontc acid, which readily passes into its lactone. 1 -Arabinose also, hy 
rearrangement through hydrocyanic acid, becomes \-arabtnose carboxylic add 
or l-mannonic acid. Its lactone combines with the lactone of d-mannonic acid 
and the product is the lactone of [d+lj-mannonic acid. Upon reducing the 
three lactones in sulphuric acid solution with sodium amalgam, d-, 1-. and [d-fl]** 
mannose, and [d -\-\]-mannitol, formed by the further reduction of the latter bodies, 
are produced. [d-\-l}-Manmtol is identical mth a-acritol or a-acrose. Therefore, 
[d+i] mannonic acid became a very suitable parent substance in realizing the 
second synthesis, because a-acrose is very hard to obtain in anything like a desir¬ 
able quantity. 
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The course from [d +l]-maimonic acid divides in the same way to the d-deriva- 
tives as it does towar^ the 1-compounds, because [d+l]-mannonic acid, like 
racemic acid 601), can be r&olved by strychnine and morphine into d- and 
1 -mannonic acid. By the reduction, on the one hand, of the lactone of d-mannonic 
acid, d^mannosB and d-mannitol are formed, and on the other hand, d-mannose 
and phenylhydrazine yield d-dcxtrosazone, which can also be obtained from 
dextrose or d-glucose, and laevulose or d-fructose. 

d-Dextrosazone yields dexhosone (p. 629), and the latter by reduction forms 
Iflsvulose or d-fructose. 

To pass d-mannonic acid to d-dextrose, the former is heated to 140" with 
quinoline, whereby it is then partially conve^d into d-gluconic acid. Conversely, 
the latter under the same conditions changes in part to d-mannonic acid (comp, 
the intertransformation of d-dextrose and d-mannose, by the action of alkalis, 
(p. 630), d-Dextrose or Grape Sugar is formed in the reduction of the lactone 
of d’gluconic acid. d-Sorbitol is produced when grape sugar is reduced. Pro¬ 
ceeding from l-mannonic acid, the corresponding 1-derivatives are similarly 
obtained. l~Fructose is also formed by the fermentation of [d-f-l]-£ructose or 
a^Oi^rose, and l^mannose in like manner from [d-l-l]-mannose. 

The gulose groups and the sugar-acids, produced in the oxidation of the 
pentahydroxy-n-capioie acids, are also considered in the table. d-Sacckaric acid, 
resulting from the oxidation of d-gluconic acid, becomes d-gulonic acid on reduc¬ 
tion, and the lactone of the latter by similar treatment changes to d-gulose, the 
second aldehyde of d-sorbitol. 

The aldohcxoscs are connected with the aldopentoses (i) through l-arahinose, 
which, by the addition of HNC, as already mentioned, passes over into arabinose 
carboxylic acid or 1-mannonic acid, and also into l-glucomc acid; (2) through 
the xyloses, the HNC-addition product of which is the nitrile of xylose carboxylic 
acid, or l-gulonxc acid. Oxidation changes 1 -gulonic acid to Vsaccharic acid. 
VGulose and \-sorb%tol are formed m the reduction of its lactone. 


A. THE SPACE-ISOMERISM OF THE PENTITOLS AND PENTOSES, THE 

HEXITOLS AND HEXOSES 


The ^structural formula of the noimal, simplest pentitol; CHjOlI.CHOH.- 

CIIOH.CHOH.CHjOII, contains two asymmetric carbon atoms. The CHOH- 
group, standing between them is the cause ol two possible inactive moUiheations 
instead of one (the case with the taitanc acids), as the result of an internal com¬ 
pensation. Furthermore, tluoiy permits of two optically active modifications, 
and a fifth optically inactive lotm, arising from the union of the two optically 
active varieties. This is tlie laccmic or [d+l] modification, corresponding with 
[d-fl]-tartaric acid or racemic .icid. These relations are most quickly and readily 
ma^e clear by means of the atomic models. The molcculc-modcl is projected 
upon the surface of the paper, and then formnl«e similar to those observed with 
tartaric acid are diTived : 


CO,H 

I 

H.COH 

Hclc.H 

(!o,h 

d-Taitaixc Acid 


CO,H 

HO.r.H 

H(!:.oh 

CO,H 

1-Tartaiic Acid 


10 ,H 

H.C.OH 

H.d'.OH 

I 

COj[I 

i-Tartauo Acid. 


A. Spaee-isomerism of the Pentitola and Aldopentoses. 

The formulae for the four stcrcochemically different pcntitols arise in the same 
manner as in the case of the tirtaric acids. Suppose these four pentitols to be 
oxidized, in one instance the upper CH,OH group, and then the lower similar 
group having been converted into the CHO-group, there will result eightgijtereo- 
chemically difierent aldopentose formulae, none of which passes into other 
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by a rotation of tBo\ The number of predicted space-isomers with n sym- 
metitc carbon atoms, and with an asymmetric formula may be more easily 
r deduced by applying the 2" formula of van Hoff, in which n indicates the number 
of asymmetric carbon atoms. In the aldopcntoses hence : 


Pentiiol (and Tri- 
hydtoxy- 
gliUartc Acids). 

(i) CHs* 

H.i.OH 

H.i.OH 

hAoh 

(!:h,.oii 

Adonitol (Rilotn- 
bydioxyglut.inr Aud). 


( 2 ) 


CHjOH 

H.C.OH 

HO.C.H 


H.C.OH 

CHaOH 
Xylitol (Xdoln- 
hydroxyglut.inc Acid). 

(3) CH*OH 
HO.C.H 

H.C^.OH 

I 

H.C.OH 

CiljOH 

d*Ar..bitol (d Fii- 
hydroxyKlutanc Acid). 

(4) CH,0H 
H C OH 

no c.ii 

HO.C.H 


i 


HjOTl 

1‘Arabitol (1-Tn* 
bydroxygluUric Acui). 


Aldopcntoses (and Pentane Acids). 


I (I*) 


( 3 ') 


CHO 

H.ioH 

H.C.OH 

H.d.OH 

I 

CH,OH 


CHO 

ii.doH 

HO C.H 
H.ci.OH 


Al,.( 


( 5 ^) 


■OH 

1 Xvlose 
0-Xylonir Acid). 

CHO 
HO.C H 


H.C .OH 

I 

H.C.OH 


(7M 


CHjOH 
d-Ar%bino'?e 
(d-Arabonic Acid). 

CHO 


h.cLoh 

I 

HO.C.H 

HO.t.H 

<!;h,oh 

l-Arabinosc 
(1-Arabunic Acid). 


CHtOH 

hI.oh 


(2») 


H.C.OH or 
Hcl.OH 

L 


'HO 


1 Ribosp 

(1 Rib«>nic Acid), 


CHO 

HO.i.H 

HO.i.H 

HO.C.H 

CH,OH 


CH.OH® (4>) 


H.C.OH 

HO.t.H 

H.t'--.OH 

(Iho 


enroll 

ho.Ch 


or 


d-Xylose. 

(6^) 


H.C.OH 

CHO 


CHO 

iio.<!:h 

H.i.OH 

HO.CH 

<!:h,oh 


Clio 

HO.C.H 

HO.C.H 

H.i.OH 


CH,.OH (8*) 


H.C.OH 

HO.C.H 


CH,OH 

I'Lyxose 

(d-Lyxoiuc Acid). 

CHO 
H.ioH 
uLoh 


HO.C.H 

I 


HO 


HO.CH 

<1h,oh 


The stereoisomeric aldopcntoscb are capable naturally of uniting to four 
inactive double molecule's, which can be resolved. I'lie space-formulae (7^) and 
(3^) for ordinary or haiabinose and the xyloses follow from the intimate con¬ 
nection of the 1-arabinoscs with l-dcxtrose, and the xylost's with 1-guIose, as will 
be shown later (p. 645). 

If the space formula of inactive xylitol may be considered as established, 
tliere remains but one possible formula for inactive adonitol, the reduction product 
of ribosc. 

Pont tnkydroxyglutafic acids (p. 621) correspond with the four theoretically 
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predicted pentitols. The same number of eight space isomers as indicated by 
the pentoses are po^ible also for the corresponding monocarboxylic acids, 
the tetrahydfmy'-n-valeric aci<ts, as well as for their corresponding aldehydo- f 
carboxylic acids, and also for the ketoses of the hexitol series, to which fructose 
belongs. 


B. THE SPACE-ISOMERISM OF THE SIMPLEST HEXITOLS AND THE SUGAR- 
ACIDS, THE ALDOHEXOSES AND THE GLUCONIC ACIDS * 

The structural formula of the normal and simplest hexitol: 

CIIaOH.OIOU.CHOH.CHOH.CHOH.CHjOH, contains four asymmetric carbon 
atoms. The theory of van *t HoffdSKX Le Bel permits of ten possible space-isomeric 
configurations for such a compound. 

In tartaric acid (p. 0o<>) we started with the point of union of the two asym¬ 
metric carbon atoms in determining the successive series ; and in hexitol also 
we begin in the middle of the molecule, and then compare C-atom i with C-atom 4, 
and C-atom 2 with C-atom 3. In this manner the ten hexitol configurations given 
below have been derwed. 

If in each of llic ten hexilols, in one instance the upper —CHgOH group, 
and in another the lower —Cll,OH group 2, have been oxidized to aldoses, 
then twenty space-isomeric aldohexoscs would result. However, each of the 
four hexitols (Nos. r, 2, 3. and 4) yields two aldoses, whose formulae by a rotation 
of 180^ pass into each other, wliich consequently would reduce the number of 
possible space-isomeric aldohcxoses to 16. 

Ten tetrahydroxyadijiic acids (saccharic acids) correspond with the ten space- 
isomeric hexitols; sixteen pcntahydroxy-n.-valeric or hcxonic acids (gluconic 
acids), and sixteen aldchydotetrahydroxy-monoCiirboxylic acids (glucuronic 
acids) correspond with the sixteen space-i&omeric aldohexoses. 

Vhe hexitols and the tolrahydroxyadipic acids also have four inactive, racemic 
or [d-(-l]-modifications, the aldohcxoses, hexonic acids, and aidchydotetra- 
hydroxycarboxylic acids also 8 [d-{-l]-niodifications, as is evident from an inspec¬ 
tion of the formula; in the aj^ponded tabic. 

The number of theoretically possible space-isomeric aldohcxoses, containing 
four asymmetric carbon atoms in the molecule, are more readily derived by 
employing the van *t Hoff formula 2" given above with the aldopentoscs. This 
for 2* would give sixteen space-isomeric aldohcxoses. 

The space-isom^rism of the ketohexoscs, containing three asymmetric C-atoms, 
has been included in the isomerism of the aldopentoscs (p. O40). 


p.C.OH 

I 

H.C.OH 


Hexitols (and Sacoharxc Jetds). 
rU.Oll (2) CHa-OH 

HO.CH 

HO.CH 

I 

HC.C.H H.C.OH 

I I 

HO.C.H H.C.OH 

I 

CHaOH 
1-Mannitol 
fl-Mannosaccharie 
Acid). 


CTTgOH 

d-Minijiiol 

I Italic 

Ai id). 


Aldohexoses (and Hexonic Acids). 
(ii) CHO (2') CHO 


H.C.OH 

I 

H.C.OH 


HO.C.H 

I 

HO.C.H 


CHaOH 
1-Mannose 
(l-Mannoiiic Acid). 


I 

HO.C.H 

I 

HO.C.H 

I 

H.C.OH 

I 

H.C.OH 

I 

CHaOH 
d-M.^nnose 
(d-Maunooic Acid). 


• Pic Lagerung dcr Atome im Raum von /. H. van’t Hoff, deutsch bearbeitet 
von F. Herrmann (Vieweg, Braunschweig, i Aufl. 1877 1 2 Auil. 1894, andGrondriss 
der Stereochemie von Hantzsch (Breslau, Trewendt, 1893). Lehrbuch der Stereo- 
chemie, von.^. Werner (Fischer, Jena. X 904 )> 

VOL. I. 


a T 



642 

(3) . CH,.OH 

I 

HO.C.H 
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(4) CH.OH I ( 3 M CHO 


(4^) 


H.C.OH 


H.C.OH 

I 

HO.C.H 

H.i.OH 

CH,.OH 

l-lditol 


HO.C.H 

I 

H.C.OH 

HO.C.H 

I 

CH,.OH 

d'lditol 


HOtC.H 

I 

H.C.OH 


(l-Idosacchane Acid). (d Idosacchanc Acid). 

(5) ClIgOH 


( 5 ^ 


HO.C.H 

I 

H.C.OH 

I 

CH,OH 

1 I<Iose 

(Mdonic Acid). 

CHO 


CHO 
o H.ioH 
HO.i.H 
H.C.OH 


HO.C.H 

I 

CHjOH 

d’ldoae 

(d Idomc Acid). 

{O') CHO 



HO.C.H 

HO.C.H 

H.C.OH 

H.C.OH 


H.C.OH 

H.C.OH 

1 

HO.C.H 


j 

HO.C.H 

1 

HO.C.H 

H.C.OH 


HO.C.H 

HO.C.H 


CH,OH 

l-Sorbitol 
(I'Saccbaric Acid). 

j 

CH,OH 

I'Dextrose 
( 1 -Glucomc Acid) 

j 

CH.OH 

l‘Gulose 
l-Gulonic Add). 

(6) 

CHjOH 

H.C.OH 

1 

HO.C.H 

H.C.OH 

1 

H.C.OH 

1 

CH,OH 

d-Sorbitol 
d-Sacchanc Acid). 

(7») CHO 

1 

H.C.OH 

1 

HO.C.H 

1 

H.C.OH 

1 

H.C.OH 

(8') CHO 

1 

HO.C.H 

1 

HO.C.OH 

1 

H.C.OH 

HO.C.H 


CHaOH 
d-Dextrose 
(d-Gluconic Acid). 

j 

CH,OH 

d'Gulosa 
{d-Guloolc Acid). 

( 7 ) 

CH.OH 

H.C.OH 

1 

(9I) CHO 

H.C.OH 

HO.C.H 

1 

(loi) CHO 


ho.<!:.h 

1 


HOC.H 

1 

H.C.OH 


HO.C.H 

1 

HO.C.H 

1 

1 

H.C.OH 

1 


HCOH 

HC.OH 

HO.C.H 

1 


1 

CHjOH 

DuUitoI 
(Muiic A(id). 

1 

CH,OH 

d'Galai lu^e 
(d'Gala< tonu Arid) 

CH,OH 

I-Galactobc 
(I'Galactonic Add). 

(«) 

CHjOH 

III) CHO 

1 

(12I) CHO 


H.d: OH 

1 

H.C.OH 

j 

H.C.OH 

1 

H0.6.H 

1 


H.C.OH 

1 

HO.C.H 

1 


H.C.OH 

1 

H.C.OH 

1 

HO.C.H 

I 


H.C.OH 

1 

H.C.OH 

CH,OH 

HO.C.H 

daiiOH 

CH,OH 

(Altomttoo A!dd ?)• 


#,■*«* 
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(9) 

CH,OH 

(13I) CHO (I4») 

H.C.OH 

H.C.OH 

CHO 

1 


p.i.OH • 

H.C.OH 

H.C.OH 

1 

H.C.OH 

1 


HO.C.H 

1 


1 

HC.OH 

HO.C.H 

1 


HO.C.H 

j 

HO.C.H 

1 

HO,C.H 


I 

CH.OH 

(ITalomucic Add). 

CH,OH 

(10) 

CH,OH 

(15I) CHO (16I) 

CHO 

1 


HO.C.H 

ho.(!:.h 

1 

HO.CH 


1 

HO.C.H 

HO.C.H 

1 

HO.C.H 

1 

1 

H.C.OH 

1 


HO.C.H 

1 

H.C.OH 

1 


H.C.OH 

H.C.OH 

1 


1 

CH.Cfti 

CHjOH 

CH.OH 

d^Talitol (d-Talomucic Add). 

d’Talose (d-Talomc Add). 


To render rational names possible, E, Fischer has proposed to indicate the 
configuration by the sign + or —. These are not intended to show the influence 
of the individual asymmetric carbon atom upon the optical properties of the 
molecule, as van *i Hoff formerly expressed it, but merely the position of a sub-« 
stituent upon the right or left side of the preceding configuration formulae. (See 
also B. 40 ,102.) The formula should be so viewed that in the sugars the aldeh^e 
or ketone group, and in the monobasic acids the carboxyls stand above. Tlie 
numbers begin above, and the sign -h or — represents the position of hydroxyl, ; 

vGiape Sugar, d-Dextrose«Hexanepentolal H-h + (Formula 7'), 

d-Gluconic Acid . =Hexanepentol acid H-+ + (Formula 7*). 

Laevulose, d-Fructose =Hexanepentol*2-one — + 4 *. 

In the case of S3rmmetrical structure,—as it exists, for example, in the 
diacids and alcohols of the sugar group,—there is no favoured position; con¬ 
sequently, presuming that the numbering invariably proceeds from the top down, 
we get a doubled steric designation,” s.g.: 

d-Saccharic Acid . - ■■Hexanetetrol diacid -1-+ + or-H- 

Dulcitol . . . . ■=Hexanehcxol . -f--j-or-- 

Derivation of the Space-formula for d-Dextrose or Grape Sugar, the most 
important aldohexose. The following relations arranged first in the diagram 
are the basis of this derivation: 

d-Gulose d-Gulolactone d-Gulonic Acid 


I. d-6orbitol^ ^- - -'^d-Saccharic 

• X I ^ Acid 

d-Dextrose d-Gluconolactone ■<- d-Gluconic Acid 

II. <I-Dextro^e —^ d-Dcxtrosazone — d-Mannose 

^d-Mannitol 

III. d-Fructosc^™— —>d-Dextrosazonc 


d-Sqrbitol 


IV. l-Arabitol- - 1 -Arabinose 


1 -Mannonic Acid 
1 Asabinote Carboxylic Add 


l-Gluconic Acid — 


1 -Gulonic Acid 
Xfloae Carbozjrllc Add. 


V. Xylitol 


Xylose 


l-DextnMo 

l-Goloao. 
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Diagram I shows that d-dextrose or grape sugar and d-gulose yield the same 
d'Saccharic acid. Hence it follows that d-saccharic acid ai^d the d-sorbitol corre- 
^sponding with it cannot have the formulae (i), (2),''(3), (4) (p. 64i)/'bccause it is 
only the hexitols and saccharic acids, (5), (6), (7), (S), (9), (10), which yield two 
space-isomeric aldohexoses each. The formulae (7) and (8) of the six space- 
formulae represent, by virtue of internal compensation, optically inactive 
molecules, which therefore disappear for the optically active d-saccharic acid and 
d-sorbitol. 

The fact that d-saccharic acid and d-mannosaccharic acid, d-gluconic and 
d-mannonic acids, d-dextrose and d-mannose, d-sorbitol and d-mannitol, only 
differ by the varying arrangement of the univalent atoms or atomic groups with 
reference to ttie carbon atom, which in d-dextrosc and d-mannose is linked to 
the aldehydo-group, makes it possible to decide between the stereoisomcric 
formulae (5) and (b), (9) and (zo); for d- and 1 -saccharic acid, d-manilose and 
d-dextrose, yield tiie same osazone. diagram II (p. 643). l-Arabinose treated with 
hydrocyanic and hydrochloric acids gives rise to both 1-mannonic or 1-arabinosc 
carboxylic acid, and 1 -gluconic acid (diagram IV, p. 643). The same relations 
which arc observed with 1-mannonic and 1-gluconic acid prevail naturally 
with their stereoisomers—d-mannonic acid and d-gluconic acid. A mixture of 
d-mannitol and d-sorbitol is obtained by the reduction of drfructose. 

Assuming that d-sorbitol and d-saccharic acid possessed the space-formulae 
(9) or (10) (p. 

(9) CH.OH (10) CHaOH 




HO.C.H 


H.C.OH 

I 

H.C.OH 


HO C.H 


H.OC.H 


HO.C.H 

I 

H.C*.OH 


CHjOH CHaOH, 

then d-mannitol, and also d-mannosaccharic acid, would have the formulae 
(7) or (8); 

(7) ( :iaOH (8) CHaOH 


H.C.OH 

I 

HO.C.H 

I 

HO.C.H 

I 

H.C*.OH 

I 

CHaOH 


HC*.OH 

I 

HC.OH 

I 

HC.OH 

I 

HC.OH 

I 

CHaOH, 


because only these formul?r differ from (9) and (10) exclusively in the varying 
arrangement of the atoms or atom groups with reference to asymmetric carbon 
atoms, designated by asterisks. However, formula (7) and (8) by internal 
compensation give rise to inactive molecules, consequently cannot give back the 
configuration of d-mannitol and d-mannosaccharic acid. 

Thus, for d-sorbitol and l-sorbitol, d-saccharic acid and 1 -saccharic acid there 
remain only formuhe (5) and (6), from which (6) is arbitrarily selected for d-sorbitol 
and d-saccharic acid, and {5) for l-sorbitol and 1 -saccharic acid. " When this 
has been done then all further arbitrary selection ceases ; now the f(>rmulae for 
all optically active compounds connected experimentally with saccharic acid 
are regarded as established (B. 27 , 3217). Hence, the space-formula (a) falls 
to d-mannitol and d-mannosaccharic acid, and formula (1) to 1-mannitol and 
l-mannosaccharic acid, which would also give formulae (2 ) and (1^) to d- and 
l-marmonic acids (p. 64S). 

The aldohexoses (7^) and (8^) (p. 642) cozrespond with d-sorbitol and the 
eaccharic Mid with s^e-formula (6); 
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(6) CH,OH 


H.C.OH . 

I 

HO.C.H 

I 

H.C OH 

I 

H.C.OH 

I 


(7M CHO 

I 

H.e.OH 

HO.C.H 

I 

H.C.OH 

I 

H.C.OH 

I 

CH,OH 


(8M CH.OH 

H.koH 


HO.C.H 

I 

H.C.OH 

I 

H.C.OH 

1 

CHO 


or when 
rotated 
x8o* 


(8») CHO 

I 

HO.C.H 

I 

HO.C.H 

I 

H.C.OH 

I 

HO.CH 


I 

CH,OH CH,OH CHO CH*OH 

d'Sorbitol (d'Saccharlc Add). 

In order to obtain the aldehyde group at the top of the formula image, formula 
(8^) must be turned 180*. This converts it into formula (8^) , and the succession of 
Se atomic groups attached to the a 33 rmmetric carbon atom is naturally not altered. 

The choice between formula (7^) and (8^) for d-dextrose and d-gulose still 
remains. Wc are able to determine this if we can select out the space-formulae 
for the two stereoisomers— 1 -dextrose and 1 -gulose. This is possible with a 
proper consideration of the genetic relation of the last two bodies with 1-arabinose 
and xylose, as represented in tliagrams IV and V (p. O43). 

The formulae (5^) and (6^) of the aldohexoses correspond with the formula (5) of 
bsaccharic acid. (6‘) when rotated becomes (6^): 


( 5 ) CH,OH 

HO.C.H 

I 

H.C.OH 

I 

HO.C.H 

1 

HO.C.H 


i 


(5^) CHO 

I 

HO.C.H 

H.C.OH 

HO.CH 

HO.C.H 

I 

CHjOH 


CH,OH 

HO.C.H 

I 

H.C.OH 

HO.C.H 

1 

HO.C.H 

I 

CHO 


( 61 ) 


or when 
rotated x8o* 


CHO 
H.C.OH 

H.C.OH 

I 

HO.C.H 

H.C.OH 

I 

CH,OH 


:h,oh 

1-Sorbitol (1-Sarchazic Add). 

Rememberiug that, according to diagram IV (p. 04^), it is possible to obtain 
d-dextrose from 1 -arabinose, and, according to diagram V, 1 -gulose from xylose, 
then the pentoses mentioned must have the space-tormulcB which can be derived 
for formulae (5I) and (6^) by omitting the first of the C*-atoms, by which the 
structure becomes asymmetric: 

( 61 ) CHO • 


H.C^.OH 

I 

.H.C.OH 

HO.i.H 

I 

H.C.OH 

I- 

CH.OH 

l-Gulose. 

(5») CHO 


CHO 

H.C.OH 


HO.C.H 

h.Loh 


Xylose. 


OH 


CH.OH 

1 

H.C.OH 

I 

HO.C.H 

1 

CH.C.OH 

1 

CH.OH 

Xyhtol. 


HO.C*.H 

.. I 

H.C.OH 

ho.(!:.h 

I 

HO.C.H 

(1h,OH 

t^DtSUOM. 


CHO 

1 

H.C.OH 

I 

HO.C.H 

I 

rH,OH 

l•AnblBON« 


CH,OH 

I 

H.C.OH 

I 

HO.C.H 


HO 

liiiiMtrt 


OH 
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It is at once seen that the aldopentose corresponding with formula (6*) must, 
by reduction, yield an inactive pentitol, xylii^ (p. 6rri)-^through an internal 
compensation. Similarly, the pentose with formal (5^) c^ianges tp an optically 
active pentitol —Uarabitol (p. 616). In this manner is fixed not only the configura¬ 
tion for xylitol and xylose, 1-arabitol and 1-arabinose, but it is also demonstrated 
that I'gulose, from xylose, has the formula (6^), and l-dextrose, synthesized from 
1-arabinose, the space-formula (5^). (8^) is the stercoisomeric formula of space- 

formula (6^), which, therefore, belongs to d-gulose. Formula (7^) corresponds 
with space-formula (5^), and hence it belongs to d-dextrose. From all this it would 
follow that d- and 1-mannoses have formulae (2^) and (i^). which facts confirm 
that d-dextrose and d-mannose on the one hand, and 1-dextrose and 1-mannosc 
on the other, pass into the same dextrosazone— i.e. they differ only in the con¬ 
figuration at one asymmetric C-atom. 

When it is remembered that d-fructose, by reduction, yields a mixture of 
d-mannitol and d-sorbitol.and d-dextrosazone on treatment with phenylhydrazine, 
it will be recognized that both it and its corresponding d-arabinose must have 
the space-fonnulse: 

CH,.OH 
HO.i.H 

I 

H.C.OH 
H.d.OH 
(iH.OH 

d-Fructose. 

The configurations of other ketoses, such as tagatose and sor&oss (p. 636), can 
similarly be derived. 


CHO , 
HO.d.H 
H.i'.OH 
H.i.OH 
CU.OH 

d-Arabiiiose. 


DERIVATION OF THE CONFIGURATION OF d-TARTARIC ACID 

The configuration of d-tartaric acid is evident, according to E. Fischer, from 
its production in the oxidation of d-saccharic acid. The formula of the latter has 
been previously deduced above. It is in harmony, therefore, with its formation 
in the oxidation of methyl tetrose (p. 597). a decomposition product of rhamnose. 
The latter, when oxidized, passes into l-trihydroxyglutaric acid. The a-rhamno- 
hexonic acid, obtained from the latter by the hydrocyanic acid addition, yields 
mucic acid on oxidation, and the latter, on similar treatment, changes to racemic 
acid. Assuming that the methyl group of rhamnose is eliminated in the oxidation 
of rhamnohexonic acid, rhamnose would have the following con^guration- 
formula: 


CO|H 



CHO 

1 COgH 

COgH 


CO,H 

1 

HO.C.H J 


H.C.OH 

1 HO.C.H 

H.C.OH 



h.<!:,oh 

H.C.OH 

1 

COgH 

1 

1 H.C.OH 

H.C.OH 

H.C.OH ■ 

1 

H.C.OH 1 

1 

H.koH 

J 

HO.C.H 

1 H.C.OH 

CO,H 

1 

HO.CH 

. 1 

HO.C.H 1 

HO.C.H 

1 

? CH.OH 

1 HO.C.H 


1 

CO.H 

1 

? CHOH 1 


CO,H 

CH, 

1 COgH 




CH, 



l»Trihydiozv- 

Rhsmaoie. 

a-Rbamnote Mudo Add. 

Racemic Add. 

glQtaflc 


Carboxylic 



Add.. 


Add. 




This assumption has been proved through the behaviour of the stereoisomeric 
havnnobexonic acid, which results on heating a-rhamnohexbnic acid to Z40* 
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with pyridine. All e^mriences go to show that the two stercoisomeric rhmmno- 
hexonic acids only diner in the arrangement or position of the carboxyl group 
in direct uniop with the asymmetric carbon atom. Had the methyl group not g 
been split ofi in the oxidation, but merely changed to carboxyl,-then or and 
)8-rhanmohexonic acids would have yielded the same mucic acid, because the 
asymmetric C-atom linked to carboxyl in a- and )8-rhamnohexonic acid, that 
caused the diflerence in the two acids, would have been oxidized to carboxyl. 
j8-Rhamnohexonic acid, however, oxidizes to l^talomucic acid, which justifies 
the preceding assumption, and consequently proves the configuration, evun to 
the position of the asymmetric carbon atom linked to methyl. 

Wohl*s procedure permits of the conversion of rhamnose into methyl tetrose, 
which is oxidized to d-tartaric acid by nitric acid. Hence, we may suppose that 
here the methyl group is split ofi as in the case of the oxidation of rhamnose 
to 1 -trihydroxyglutaric acid, and of a-rhamnohexonic acid to mucic acid. This 
then demonstrates the configuration of d-tartaric acid (B. 29 , 1377): 


CHO 

H.(i.OH 

H cl'.OH 

1 ^ 

HO.C.H •> 

1 

CHO 

1 

►H.C.OU 

HO.C.H 

»(!h.OH 

? CH.OH 

1 

Clla 

CHa 

RbatnooM. 

Methyl Tt truse. 


CO,H 

hAo[I 

HO.i.lI 

I 

d-Tartaric Acid. 


COgH 

H.i.OH 

HO.i.H 

I 

H.C.OH 

H.C.OH 

I 

CO,H 

d-S&ccharic Arid. 


4. Hezaketones* Oxalyl Ihs-acetyl Acetone, (CHsCO)gCHCO.CO.CH(COCHg)g, 
is the parent substance of dicyano-hi^-cxeiyl acetone, aa^-Tetracetyl pBi^’Diimino- 
but'fne, (CU3CU)CHC(NH).C(NH).CH(COCH3)s. m.p. 147“, which is prepared 
from dicyanomonacetyl acetone (p. 509 )> acetyl acetone, and a little alcoholate. 
Even when boiled in water it is changed into a carbocycHc derivative (A. 882 , X46). 


5, POLYHYDROXYMONOCARBOXYLIC ACIDS 


A. PENTAHYDROXYCARBOXYLIC ACIDS 


These acids sye produced (i) by the oxidation of the alcohols and 
aldoses corresponding with them (B. 32 , 2373), by means of chlorine and 
bromine water; (2) by the reduction of the corresponding aldehydo- 
acids and lactones of dicarboxylic acids; synthetically, from the 
alSopentpses (arabinose, rhamnose, p. 618) by means of HNC, etc. 
This is analogous to the synthesis of glycollic acid from formaldehyde, 
and efhylidene lactic acid from acetaldehyde : 


CHO 

CH, 

CHO 

[CHOH], 

CH,OH 


HNC 


- > 


CN 

CH(OH) 

CHa 

CN 

[CHOHla 

CHaOH 


Ha 

3H3O 


COaH 

CHOH 

CHa 

COaH 

> [CHOH]* 

CHaOH 


l-AraMnose. ]>Ghicooonitrile. l-Glucomc Acid. 

I'Arablnose Carboxylic Arid. 


Behaviour ,—(i) Being y- and S-h^droxy-derivatives, nearly all of 
these acids are very unstable when in a free condition. They 
water readily and pass into lactones (p. 371): 

-HaO 
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(2) The capacity of the lactones, but not the acids themselves, to 
pass into the corresponding aldohexoscs by coipbination with two 
• atoms of hydrogen (E. Fischer), is of great importance in the synthesis 
of the aldoses (p. 625); 

d-GluconoUctonr. d-Dextrose. 

(3) These acids, whf*n acted on with phenylhydrazine, form characteristic 
crystalline phenylhydrazide:>, CgHf^Oa.CO.iN (6. 22 , 2738). They are 

decomposed into their components when boiled with alkalis. They are dis¬ 
tinguished from the hydrazones of the aldehydes and ketones by the reddish- 
violet coloration produced upon mixing them with concentrated sulphuric acid 
and a drop of ferric chloride. • 


(4) Heated to 130-150° with quinoline or pyridine a geometric 
rearrangement ensues, which, is, however, restricted to the asymmetric 
carbon atom in union with the carboxyl (comp, the inter-transformation 
of stereonu'ric hexoses under the influence of alkaji, p. 630). It is a 
reveisible leaction, and therefore yields a mixture of both stereo¬ 
isomers, c.g. (B. 27 , 3193) : 

d- and 1 -GUiconic Acid d- and 1 -Mannonic Acid. 

1 -Gulonic Acid -^ 1 -Idonic Acid. 

d-Galactonic Acid --—d-Talonic Acid. 


(5) These acids arc reduced to lactones of the y-monohydroxy- 
carboxylic acids (p. 374), if they are heated with hydriodic acid. 

(6) Oxidation of the hexonic acids or their lactones with hydrogen 
peroxide and ferric acetate, causes degradation to the pentoses (comp, 
p. 6ib). 

Isomerism, —Spacial isomers of pentahydroxy-n.-caproic acid are as 
numerous, according to theory, as the aldohexoscs (p, 641), i.e, sixteen 
optically active and eight [d+1]-modifications, which are inactive. 

Mannonic Acid, C5H6(0H)5.C02H. The syiii})-like acids—d-, 1 -, 
and [d+1]-mannonic acids—yield d-, 1-, and \d+\\-mannosaccharicacid^ 
on oxidation (p. 653). They change to lactones on the evaporation 
their solutions ; which by further reduction yield d-mannitoh Vmanniiol, 
and [d+l]-manw 7 o/. [d+\yMannitol is identical with a-acritol, the 
reduction product of synthetic a-acrose or [d+l]-fructose. As [d+ 1 ]- 
mannitol or a-acritol, when oxidized, yields [d+l]-mannose^ and the 
latter by similar treatment becomes converted into [d+l]-mannonic 
acid, which can be split into d-mannonic acid and 1 mannonid acid, 
the complete synthesis of all bodies of the mannitol series can be 
realized through these reactions (p. 637): 


d-Maniutol'<-d-Manno8e 


d-Mannonolactoce 
d-Mannonic Acid - 


d-Mannosaccharic 
Aci I 

tt-Acrose+'a-Acritol'^[d+l] Mannose'<-[d4-l]-Mannomc Acid-^ [d+lJ-Mauj osac- 
[d+ll-Fructobc [d+l]-Man- chaiic Acid 

aitoT 


l-Mannitol-<-l-Mannose 


l-Mannonic Acid 

'I' 

] -Mannonolactone. 


1 -Mannosaccha- 
ric Acid 


d-Mannonolactone, C^HtoOd, m.p. 149-153® [a]D=+53‘8* 
l-Mannono actone, ,, 140-150® [ajo** ■f54‘8* 

[d f H-Mannonolactone (C,HioOc)|, m.p. 149-155°. 
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d- and \-Mannonic Acid Phenylhydrazide, m.p. 215*. 

[d+l]-Mawno«»c Acid Phenylhydfaxide, m.p. about 230® when it is rapidly 
heated. The }iydiazi(fts are oonverted into the acids on boiling with barium 
hydroxide solution (B. 22 ,3221), a reaction which is well adapted for the purifica- ” 
tion of the acids, d- and l-Methyhne Mannonic Lactone, (C«HsO«(CHt}, m.p. 206^ 
(A. 810 , i8x). 

A very important feature is that a parital conversion of and /- 
mannonic acid into d- and I- gluconic acids occurs on heating the former 
to 140° with quinoline. The last two acids, subjected to the same treat¬ 
ment, change in part into d- and 1-mannonic acids. 

This method of preparing d- and l~gluconic acids shows the genetic 
connection existing between d~ and l~dextrose and the mannitol series, and 
thereby renders possible the synthesis of dextrose. 

The formation of 1 -mannonic acid or 1 -arabinose carboxylic acid 
(together with 1-gluconic acid) from l-arabinose by means of hydro¬ 
cyanic acid, constitutes one of the transitions which allows of the 
synthesis of aldohaxoses from aldopentoscs: 

{ l-Mannonic Acid-^ 1 -Mannonolactone-^ 1 -Mannose 

l>Arabino<ie Carboxylic Acid. 

1 -Gluconic Acid -l-Gluconolactone->-l-Dextrose. 

Olnconio Acid, CH20H[CHOH]4CO2H, is known in the d-, 1 -, and 
[d-fl]-modifications (B. 23 , 801, 2624; 24 , 1840) (space formula, 
see p. 642). 

I. The lactones of these three acids change to d-, 1 -, and [d+l]“ 
dextrose on n'duction. 

2. By oxidation they become converted into d-, 1 -, and [d+ 1 ]- 
saccharic acids. 

3. When heated to 140° with quinoline they change in part to d-, 

1 -, and fd+]]-mannonic acids (p. O48). Conversely, d-, 1 -, and [d+l]- 
gluconic acidb an* obtained by the same treatment from d-, 1-, and 
[d+l]-inunnonic acids. 

The d- and \phcnylhy dr azides, CeHiiOe(N2H2.C6H6), m.p. about 
200® when they are rapidly heated ; \^-^\\~phcnylhydrazide, m.p. 190®. 

d- 61 uconic Acid, Dextronic Acid, Malionic Acid, is formed (i) by 
the oxidation of dextrose, sucrose, dextrin, starch, and maltose wit.h 
chlorine qt bromine water ; and is most readily obtained from dextrose 
(B. 17 , 1298); (2) from d-mannonic acid. Gluconic acid forms a 
synipl*which, when evaporated or upon standing, changes in part to 
its crystalline lactone, CaHioO®, m.p. 130-135®. Sodium amalgam 
reduces it to d-dextrose or grape sugar (B, 23 , 804). Its barium salt 
crystallizes with three molecules of water; calcium salt with one. 
The acid is dextro-rotatory. On the conversion into d-arabinose by 
oxidation with H2O2, see p. 618. 

Pentaceiyl Glucononitrile, CBHs(0.C|H30)tCN (B. 26 , 730). Dimethylene 
Gluconic Acid, C,Ha07(:CH,)t, m.p. 220®, is prepared from d-gluconic acid and 
formaldehyde (A. 292 , 31 ; 310 , 181). 

1 -Gluconic acid is formed (i) from 1 -mannonic acid (p. 648) and (2) together 
with 1-mannonic acid from l-arabinose by aid of HNC. 

[d+l]- 61 ueonle Aeid is obtained from a mixture of d- and 1-gluconic acids. 

Its calcium salt, which dissolves with difiiculty, is obtained, like calcium racemate, 
by mixing solutions of d- and 1-calcium gluconates. 

Oulonle Aoid, CH|OH[CHOH]4CO|H, is known in three fonvii which 
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be^me converted into d% K and d+1]-saccharic acids (p. 653) when they are 
oxidized. The reduction of their lactones produces d-^ 1 -, and [d+l]-^0f«^ 

‘ (P- <> 35 )- ' , 

d-«GuIonic Add is obtained by reduction both of glucuronic acid (p. 752) 
and d>saccharic acid ; lactone, »i.p. x8i^; phenylhy dr aside, m.p. 148^ (B. 24 | 
526). 

1 -Gulonle Add, Xylose Carboxylic Acid, results when xylose is acted on with 
HNC. This reaction unites also the aldopentoses with the aldohexoses. 1 -Idonic 
acid is produced simultaneously, and when heated with pyridine changes partially 
to 1 -gulonic acid. l-Gulomc Lactone, m.p. 185®, yields 1 -xylose when oxidized 
with HaO| (p. 619); phenylhy dr azide, m.p. 147-149® (B. 23 , 2628): 24 , 528). 

[d+l]-Gulonlc Acid readily changes into its lactone, which by crystallization 
splits into d- and l-^’^ulonolactone. Calcium [d-fl]-gulonate dissolves with more 
difficulty than calcium d- and 1-gulonate; phenylhydraside, m.p.o 153-155^ 
(B. 26 , 1025). 

1 -ldonIo Acid is formed together with 1 -gulonic acid from xylose, and is 
separated by means of its brucine salt from the mother liquor of 1-gulonolactone, 
Heated with pvridinc to 140®, it changes in part to 1 -gulonic acid, and vice versd, 
1 -ldose is its reduction product (p. 0^5). d-Idonic Acid, obtained from d-gulonic 
acid by means of pyridine, yields d-idose on reduction (B. ^8,1975). 

Galaotonic Acid, CH|OH[CHOH]4COaH. is known in three modifications. 
{d-^-iyCalactonic Add results in the reduction of ethyl mucic ester and also of 
the lactone of mucic acid ; [d-^-iyiactone, m.p, 122-125® ; phenylhydrazide, m.p. 
205®. This acid can be resolved by means of its strychnine salt into the 1 -salt, 
which is more easily soluble in alcohol, and the d-salt. which dissolves with more 
difficulty (B. 25 , 1256). VGalacionic Acid resembles in a remarkable degree the 
longer-known— 

d-Galactonlc Add, Lactonic Acid, CHsOH[CHOH]4COtH. which isproduced 
from lactose, d-galactose. and gum arabic by the action of bromine water; also, 
witli d-talonic acid, from d-lyxose cyanhydrin by hydrolysis (B. 88, 2146). It 
can be converted into d-talonic acid, and then be prepared from the laf'ter. 
It is converted into mucic acid by oxidation with nitric acid (p. 654). It crystal¬ 
lizes. and at 100®, yields d-galactonic lactone, CeHioOg. m.p. 91®, Vhich unites 
with water of crystallization to form CgHjoOj-fHjO, m.p. 64® (A. 271 , 83). 
Acetyl chloride produces Triacetyl Galactonic Lactone Chlorhydrin, C4H4O4- 
(OCOC^lIj),Cl, m.p. 98® (B. 36 , 943). Reduction converts it into the lactone 
d-galactose (p. 635); calcium salt, (C«H,|0,)*Ca-i-5H,0; phenylhydrazide, m.p. 
200-205® ; amide, m.p. 175® ; anilide, m.p. 210® (B. 28 , R. 606). 

Dimetkylene Galactonic Actd, C4H705(CH*)jC04H, m.p. 136 (A. 810 , 181). 
Pentacetyl d-Galactonic Nitrile, b.p. 135®, is formed from d-galactose oxime and 
acetic anhydride, and yields, with silver oxide and ammonia, the acetamide 
compound of lyxose (p. 619). 

d-Talon!c Acid, CH,OH[CHOH]4COjH, results together with hydroxy- 
methylene pyromucic acid on heating d-galactonic acid with pyridine or quinoline 
to 140-150®. Conversely, d-galactonic acid is obtained from d-tala*iic acid by 
the same treatment (B. 27 ,1526). Reduction changes it to d-talosc (p. 635). 

a-Rhamnose Carboxylic Acid, CH8[CHOH]4COsH. is formed from rl^amnose 
(see Isodulcitol, p. 619) with HNC. etc.; lactone, C^HnO,. m.p. 162-168® (B. 21 , 
2173); phenylhydrazide, C-H^^O^.N^HsCgHg. m.p. about 210® (B. 22 , 2733). 
When heated with hydrochloric acid and phosphorus it is reduced to n-heptylic 
acid. CyHi40s; but sodium amalgam changes it into the lactone of methyl hexose 
(p* 635) (B. 28 ,936). Oxidation produces mucic acid (B. 27 , 384). 

p~Rhamnose Carboxylic Acid is formed when the a-compound is heated to 
150-155® with pyridine; lactone, m.p. 134-138®; phenylhydrazide, m.p. 170*. 
Oxidation converts the j8-acid into f-talomucic acid (p. 654). Chiiontc Add, 
which is produced from chitose (p. 636) and bromine vrater. and ehiiaric add, 
CfHiaOf. prepared from d-glucaminic acid (see above) and nitrons acid 
are probabl y stereomeric trihyd roxymethyl tetrahydrofurfurane cazboxyHc add, 

H0CH.,CH((!))CH(0H)CH(0H)(!:HC0JH, since acetic anhydride con veria it into 

theacetyldeiivMveoihydroxymethyl pyromudcadd,CHfiO,O.CHt, C«!)):CH.CH:C. 

’ CO^H (Vol. 11 .), B, My 2587). Oxidation with H«C^ and ferrous sulphate degrades 
s chitonicjpcld iiitOjd*azabmose or d-ribose fp* 6z9)i(B. 86» 40x6). ^ 
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Gluooiamlnlp Aeld, arAmino-Pyh^-UtfahydfoxyeapfOic Acid, HOCH|[CHOH]t- 
CH(NHa)COtH, is knoyn in d-, 1-, [d+l]-fonns. d- and l-glucosaminic acid 
aie prepared frqpi d** ana l-arabi&osimine (p. 636), hydrocyanic and hydrochloric 
acids, and unite to form the less soluble [d+l] acid. d~Glucosaminic acid is also 
prepared from d-glucosamine and bromine water. Alcohol and hydrochloric 
acid convert it into a lactone-like syrup, which, on reduction with sodium amalgam, 
regenerates d-glucosamine. Reduction with hydnodic acid produces a-amino- 
caproic acid; with nitrous acid it forms chitaric acid (see above). It yields 
isomeric ^aminoglucoheptonic acids, CH,OH[CHOH] ,CH(NH,)CHOHCO,H, 
with hydroc3ranic and hydrochloric acids (B. 86, 27, 618). 

Gaiakeptosaminic Add, CH,OH[CHOH]4CH(NH),COjH, m.p. 240® with 
decomposition, is prepared from galactosimine (p. 636) and hydrocyanic and 
hydrochloric acids (B. 35 , 3801). 


B. HEXOSE CARBOXYLIC ACIDS» HEXAHYDROXYMONOCARBOXYLIC ACIDS 

Acids of this kind have been obtained from d-dextrose, d-mannose, 
d-galactose, and d-fructose by the addition of hydrocyanic acid, and 
the subsequent sapo*ification of the nitrile with hydrochloric acid. 

(1) Kannoheptonic Acid, is known in three modifications : 

d-Mannose Carboxylic Acid, A-Mannohepionic Acid, CH|OH.[CHOH]|.COtH, 
is obtained from d-mannose (A. 272 , 197); pkenylhydroMide, m.p. about 
220® with decomposition ; lactone, m.p. 149®. Sodium amalgam reduces the 
lactone to d-mannoheptose, 07111407. and then to the heptahydric alcohol 
perseitol,C7H7407 (B. 23,936, 2226). Hydriodic acid reduces the acid toheptolac- 
tone and heptylic acid (sec above and B. 22 ,370). When oxidized it yields 1 -penta- 
hydroxypimehc acid (A. 272 , 194). \-Mannose Catboxyhc Actd is obtained from 
1-mannose; pkenylhydrazide, m.p. about 220®; lactone, m.p. 154®, [d+1]- 

Mannose carboxylic acid is formed from d- and l-mannose carboxylic acid, as 
well as from [d+l-mannose (A. 272 ,184). 

(2) a.d-Dextrose Carboxylic Acid, aA-Glucoheptonic Acid, CHjOHCCHOH]*- 
CO4H, is formed (t) together with the ^-acid from d-dextrose ; (2) on heating 
the j8-acid to 140° with pyndine; (3) by the hydrolysis of lactose- and 
maltose carboxylic acids (p. <^>61) (A. 272 , 200); lactone, m.p. i40-i45*. 
Hydriodic acid reduces it to heptolactone and normal heptylic acid. Sodium 
amalgam reduces the lactone to dextrokeptose (d-glucohcptose). Dimethylene 
a-Olucoheptomc Lucieme, C7H,(CH,)407, m.p. 280®, The acid, when oxidized, 
is converted into inactive pcntahydroxypimelic acid (p. 655); phenylkydraeide, 
m.p. 171® (B. 19 , IQ16 ; 23 , 936 , space-formula, A. 270 , 65). 

fi,d-Dexirose C atboxyhe Actd is formed together with the a-acid from dextrose 
phengtlhydraitde, m.p. 151°: lactone, m.p. 151®, and yields jS. d-glucophetosc 
on reduction (p. 037). Dimethylene p-Glucoheptonic Lactone, m.p. 230® (A. 299 , 
328: 310 , iSi). 

a,d-CAlactose Carboxylic Acid, a-Galaheptonic Acid, CH,OH[CHOH]4CO,H, 
m.p. 145^, is produced together with p-galaheptonic acid from galactose ; lactone, 
m.p. 150®. Sodium amalgam changes it into a-galaheptose (p. 637), When 
oxidized it yields carboxy-d-galactonic acid (p. 655) (A. 2 ^, 39). 

d-Fruetose Carboxylic Acid, CH,OH.[CHOH].C(OH)(CO|H)CHsOH, is obtained 
from fructose or laevulose by the action of hydrocyanic acid. It yields tetra- 
hydroxybutane tricarboxylic acid when it is oxidized. Its lactone, m^. 130*, • 
when reduced with sodium amalgam two aldoheptoses with branched C-ebains 
result (B. 28 , 937). Reduction with hydriodic acid forms heptolactone and 
heptylic acid,. €711140^. The latter is identical with methyl n.-butyl acetic acid 
(p. 261). Hence it is evident that leewUose is a heUme-alcohol (Kiliani, B. 19, 
1914; 28,451; 24,348). 

C, ALDOHEPTOSE CARBOXYLIC ACIDS, HEPTAHYDROXYCARBOXYLIC AaDS 

d-Hanno-oetonle Acid, CH,OH.[CHOH]4COaH, has been obtained from 
d-mannoheptoae (p. 637); hydraetde, m.p. 243®; lactone, m.p. about x^®, has 
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a ^eutral reaction, and a sweet taste. By reduction it forms d-manno-octosc 
(p- 637). a- and fi-Gluco-octonolactofie, m.p. 145" and 186® (A. 270 , 93). a~Gala- 
octonolactone, from a a-galaheptose (A. 288,149)^ * 


D. ALDO-OCTOSE CARBOXYLIC ACIDS, OCTOHYDROXYCARBOXYLIC ACIDS 

d-Mannonononic Acid, CH20H[CII0H]7C0sH, has been obtained from d- 
manno'oetose; hydrazide, m.p. 254®; lactone^ m.p. 176®. When reduced it 
forms d-mannonoDose (p. 037). 


6. TETRAHYDROXY- AND PENTAHYDROXY-ALDEHYDE^ ACIDS 

d-Glucuronic Acid, CHO(CHOH)4COaII, is obtained by decomposing cuxanthic 
acid (Vol. II ) on boiling with dilute sulphuric acid. Various glucoside-like 
compounds of glucuronic acid with camphor, bornool, chloral, phenol, and 
diiferent oliier bodies (B. 19 , 2919, R. 762) occur in urine after the introduction 
of these compounds into the animal organism. In this change the substances 
mentioned combine with the aldehyde group of dextrose, the primary alcohol 
group of which is then oxidized. Boiling acids decompose them into their 
components. Synthetically, such con] ugated glucuronic acid can also be obtained, 

I ■' J_ 

e.g. Uxacetyl Bromoglucurolactone, OCHBrCH( 0 ,C,H,)(!;iI.(!:HCH( 0 ,C,H,)Coi, 
m.p. 90®, the product of reaction between glucuronic lactone and acetyl bromide 
reacting with euxanthone (Vol. II.) or phenol (Vol. II.) and sodium alcoholate, 
gives rise to euxanthic or phenol glucuronic acid (C. 1905, I. 1086). Glycuronic 
acid can be identified in animal secretions by the blue coloured substance, soluble 
in ether, which is formed with / 3 -naphthoresorcinoJ and hydrochloric acid (B 41, 
1788). 

Glucuronic acid forms a syrup, which rapidly passes into the sweet-tasting 
lactone, CgHgO,, m.p. 175°. (For derivatives of the same see B. 38 , 3315). 
Bromine water oxidizes it to saccharic acid. It also appears that when saccharic 
acid is reduced glucuronic acid results (B. 23 , 937), and by further reduction 
d-gluconic acid (p. (>49) is formed (B. 24 , 525). The acid unites with potassium 
cyanide to form the half nitrile of a-glucopentahydroxypinielic acid (p. ^55); 
with three molecules of phonylhydrazinc to form an osazone, m.p. 200-205®; 
w’lth urea, accompanied by loss of water (C. 1905, I. 1084 ). Urochloralic Acid, 
C^HiiCIgO,, m.p. 142®, decomposes with water absorption on boiling with dilute 
hydrochloric or sulphuric acid into glucuronic acid and trichlorethyl alcohol 
(p. 117). Urohutyl Chloralic Acid, CioHibCIsO,, decomyjoses, like the preceding 
body, into glucuronic acid and aa^-trichlorobutyl alcohol (p. n8). 

Aldehydogalactonic Acid, COHft'HOHJBCOgH, is obtained from d-gal£»stose 
carboxylic acid, and may be converted into carboxygaUctonic acid (p. 655). 

7. Mo no £(etotetrahydroxy Carboxylic Acids. HydroxyglucufQnicAcid,liOCH^,-> 
CO[CfIOH]BCO,H, is formed, together with d-arabinosc, w'hen calcium gluconate 
is oxidized ; also by bacterial action (B. 82 , 2269), as in the case of the n.-hexitols 
(p. 641). 


8. POLYHYDROXYDICARBOXYLIC ACIDS 
A. TETRAHYDROXYDICARBOXYLIC ACIDS 

These are obtained by the oxidation of various carbohydrates with 
nitric acid, and are readily prepared from the corresponding mono- 
carboxylic acids upon oxidation with nitric acid. Mannosaccharic 
^cid, the saccharic acids, and the mucic acids arc the most important 
itpresentatives of the series. Gluconic acid (p. 649) yields saccharic 
acid, galactonic acid (p, 650), miicic acid, and mannonic acid (p. 648) 
maimpsaccharic acid. Their lactones, by very careful reduction, can 
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be converted into aldeh3^dehydroxycarboxylic acids and hydroxy- 
monocarboxylic acidA Wh^n reduced by HI and phosphorus the 
preceding aci<fe are converted into normal adipic acid (p. 505), hence 
of them must be considered as normal space-isonieric tetrahydroxy- 
adipic acids. Theoretically, ten simple and four double modifications 
are possible, as in the case of the n.-hexitols (p. 641). All the tetra- 
hydroxyadipic acids, when heated with hydrochloric or hydrobromic 
acid, change more or less readily to dchydromucic acid (B. 24 , 2140). 

(i) Uannosacchario Acid, C02H[CH0H]4C02H, is known in 
three modifications (space-formula, p. 641), which pass into double 
lactones when they are liberated from their salts. They also result 
upon oxidizing the three mannonic acids with nitric acid (p. 648). 

\6.-\-Y[^Mannosaccharolactone, CjIlgOj, m.p. 190® with decomposition, is formed 
by the uiijon of d- and l-inannosaccharolactone; and also trom [d-|-l]-inanno- 
lactone; diamide, m.p. 184® ; dihydraztde, m.p. 220-225® (B. 24 , 545). 

d‘Mannosaccharolacigne, m.p. 181® anhydrou.s, is produced 

when d-mannitol, d-inannosc, and d-mannonic acid are oxidized with nitric 
acid: diamdSt m.p. 1S9®; dihydrazide, m.p. 212® (B. 24 , 544). l~Manno~ 
saccharolaclone, Metasaccharic Acid, zH^O, m.p. 68®, anhydrous, x8o®, 

is produced when 1-mannonic acid and the' lactone of 1-arabinose carboxylic acid 
are oxidized (B. 20 , 341, 2713); diamide, m p. 190®; dihydrazide^ m.p. 213®. 
Diactyl UMannosaccharolactone, m.p. 155® (B. 21 , 1422 ; 22 , 525 ; 24 , 541). 


(2) d- and l-Idosaccharic Acids are syrups. They are obtained 
by oxidizing the corresponding idonic acid (p. 650) (space-formula, 
p. 642). 

(3) Saccharic Acid, C02H[CH0H]4C02H, exists in three modifi¬ 
cations (space-formulae, p. 642) ; of these the d-saccharic acid is 
ordinary saccharic acid. 

\d+\\~Sacchartc Acid is formed by the oxidation of [d+l]-gluconic acid. Its 
monopotassium salt is formed on mixing solutions of equal quantities of the 
d- and l-salt; dihydrazide, m.p. 210® (B. 23 , 2622). 

Ordinary, or d-saccharic acid, results in the oxidation of sucrose 
(B. 21 , R. 472), d-dextrose (grape sugar), d-gluconic acid and d-gluconic 
lac1^)ne (B. 24 , 521), and many carbohydrates with nitric acid; also 
from the action of bromine water on glucuronic acid (p. 652). 

If fprms a deliquescent mass, readily soluble in alcohol. If the 
pure syrupy acid be allowed to stand for some time, it changes to a 
crystalline lactonic acid, CeH807, m.p. 131®. It is converted into 
glucuronic acfd when re duced with sodium amalgam. Hydriodic acid 
reduces it to adipic acid. When oxidized with nitric acid, d-tartaric 
acid (B. 27 , 396) and oxalic acid are formed 

So/fs.—The hydrogen potassium salt, CaH,0,K, anil the ammonium saU, 
dissolve with difficulty in cold water; diethyl ester is crystalline; 
amide is a white powder; tetra-acetate, m.p. 61®. Acetyl chloride, acting on 
free saccharic acid, converts it into the lactone of dxaceiyl saccharic add^ 
C«H4(0.C,Ha0)t04, m.p. 188®. Monomethylene Saccharic Acid (A. 292 , 40), 
The diamide is a white powder; dihydrazide, m.p. 210® with decompositum 
(B. 21 , R. 186). 

\~Saccharic Acid is obtained upon oxidizing l-gluconic acid with nitric acidv It 
is quite similar to d-saccharic acid, but is laevo-rotatoxy. It also lonui a 
dihydrazide, m.p. 214®. * y 
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. (4) Maoio Acid, Acidum mucicum, C02H[CH0H]4C02H, m.p. 210® 
with decomposition, corresponds in coi^stitution with dulcitol, and 
possesses the space-formula No. 7 (p. 642), one of the two theoretically 
possible forms of tetrahydroxyadipic acid, optically inactive through 
internal compensation. This is supported by its oxidation to racemic 
acid, and its foimation by oxidation from a-rhamnose carboxylic acid 
(p, 650) (B. 27 , 396). 

It is also obtained in the oxidation of dulcitol, lactose (Preparation, 
A. 227 , 224), d- and 1 -galactose, d- and 1 -galactonic acid, and nearly 
all the gum vancties. 

It is a wliitt' crystalline powder, almost insoluble in cold,>water and 
alcohol. When boiled for some time with water it passes into a readily 
soluble lactonic acid, CfiHgOy, formerly designated paratnucic acid, 
d-saccharolactonic acid (p. 653; B. 24 , 2141). Reduction changes 
this mucic lactonic acid into [d+l]-galactonic acid (p. 650 ; B. 25 ,1247). 
Mucic acid heated to 140® with pyridine become^ allomucic acid, from 
which it can be reformed under similar conditions. 

The ready conversion of mucic acid into furfurane derivatives is 
rather remarkable. Digestion with fuming hydrochloric or hydro- 
bromic acid changes it to furfurane dicarboxylic acid {dehydromucic 
' acid): 

XO,H 

CH(OH)CH(OH)CO,H 

“ I >0 +3H,0. 

CH(OH)CH(OH)CO,H CH=Cv 

TO,H 

When mucic acid is heated alone it loses carbon dioxide and 
becomes converted into furfurane monocarboxylic acid {pyromude 
acid): 

C 4 H 4 ( 0 H) 4 (C 0 ,H), =- C 4 H, 0 .C 0 ,H+ 3 H, 0 +C 0 ,. 

Heated with barium sulphide it passes in like manner into a-thio- 
phcnc carboxylic acid (B. 18 , 457). 

Pyrrole is produced when the diammonium salt is heated: 

C4H4(NH4)404 =- C 4 H 4 NH+NH,-|- 2 C 04 + 4 H, 0 . ^ 

Salts and Esters, —The di-potassium salt and di-ammonium salt, crystallize 
well and dissolve with difficulty in cold water; the hydrogen salts dissolve readily. 
The silver salt, C4H4Ags04. is an insoluble precipitate ; diethyl ester, m.p. 158° ; 
tetra-acetate, m.p. 177® (B. 21 , R. 186 ; C. 1898, II. 963). 

See p. 522 for the action of PCI, on mucic acid. 

(5) Allomucic Acid, C4H14O4, m.p. 166-171^, is optically inactive, and 
more soluble than mucic acid, from which it is obtained on heating with pyridine, 
and into which it also passes (see mucic acid (B. 24 , 2136). 

(6) Talomuelo Add, C04H[CH0H]4C0,H, is known in two space-isomeric 
modifications: 

d~TjUomucic Acid, m.p. about 158® with decomposition, and resulting from 
the oxidation of d-talonic acid (B. 24 , 3625). 

l-Talomudc Add, prepared by oxidizing /^-rbamnose carboxylic acid (p. 650) 

(B. OT, 384). _^_ 

•(7) iMuaSllUle AoM, CO,H.6h.CHOH.CHOHXHCO,H, m.p. 183*. [a]. 
■■4^46*1* results from ^Incosamine (p. 636) upon oxidizing it with nitric 
acid <B. 19 ,1258; see also Chitomc and Chitaric Acids, p. 630), The acid itself 



PEOTApYDROXY-DICARBOXYLIC ACIDS 655 

and some of its derivatives most be regarded as compounds of tetrahydro- 
furfurane, as is evident from the constitation formula of the acid. Other deriva¬ 
tives should be referred to isosoccharic acid +HaO—that is, to tetrahydrozy • 
adipic acid, an*d they are described as derivatives of norisosacchanc acid; for 
example, the diethyl ester, C«HBOa(C,HB)„ m.p. 73^ which changes in the desiccator 
to the Diethyl Ester of Isosaecharic Actd, CaHaO,(CfH|)a, m.p. lox*. Diacetyl 
Isosoccharic Ester, m.p. 49" (B. 27 , xi8). 


B. PENTAHYDROXYDICARBOXYLIC ACIDS 


Pentahydroxypimelle Acid, [Glucoheptanepentol Diacid], COaH[CHOH]BCOtH, 
is produced in the oxidation of dextrose carboxylic acid with nitric acid; lactone 
is crystalUiie, m.p. 143** (B. 19 , 1917). 

a-Carboxygalactonlo Acid, [a-Galaheptanepentol Diacid], COiH[CHOH]sCOgH, 
m.p. 171^ with decomposition, is formed in the oxidation of a-d-galactose 
carboxylic acid with nitric acid. It dissolves with difficulty in water, and 
crystallizes in plates. 

S-Galaheptanepentol Dlaold, is formed from d-galaheptonic acid and nitric 
acid (A. 288 , 155). ^ 

9. Tetraketodlcarboxylle Acids. 

Acetonyl Acetone Dioxalic Ester, CsHbO,C.CO.CH|COCH|.CH|COCH|.CO.CO|- 
C|Hg, m.p. xoz**, is prepared from acetonyl acetone (p. 350), oxalic ester, and 
senium in ethereal solution. Hydrazine produces a dilactazam, ethane dipyrazyl 
carboxylic ester (B. 88, 1220). 

aa^-Diacetyl Pfi-Dihetoadtptc Acid, CHgCO.CH{COjH)COCOCH(COCH3)COgH, 
is the hypothetical parent substance from which is derived D%cyano-b%s-aceto- 
acetic Ester, aayDiacetyl ppx-Dnminoadipie Ester (i), m p. 132®. This is prepared 
from dicyanomonoacetoacctic ester (p. O08), acetoacetic ester, and a little sodium 
alcoholate. Alkalis convert it first into a yellow lactam (s), m.p. 136®, and later 
into' the free add, m.p. 230® with decomposition. Reduction with sodium 
amalgam, accompanied by simultaneous ketone decomposition, forms a^-Diacetyl 
py-Diaminovaleric Ester (3), m p 35® (A. 882 , 138): 



ToCO>CH.C(NH) 

ToCO>CHn^H) 



^“■^g>C(NH) 


n=c<SSr* 



CH,COCH,iHNH, 


10. Triketotricarboxyllc Adds. 

OrAcetyl pPyDiketoadipic a\~Carboxylic Acid, CHjCOCH(C02H)COCOCH(COa- 
H)a. has, as a derivative, Dicyanaceioacetic Malonic Ester, CH|C0CH(C03C2H5) - 
C(NHlC(NH)CH(.C02C2H5h»ii^ P- 93 **» th® reaction product of dit^anacetoacetio 
ester 608J and malonic ester (A. 882 , 144). But dicyanomalonlc ester and so¬ 
dium acetoacetic ester yield Dicyanomalonic Acetoacetic Ester Lactam, m.p. 137® 
(indefinite). Similarly, dicyanocyanacetic ester and sodium acetoacetic ester give 
rise to Dtcyanocyanaceiic Acetoacetic Ester Lactam, m.p. x 68® (indefinite) (A. 88% 129). 

Oxalyl Dimalonic Add, pp-Diketoadipic aarlHcarboxylic Acid, (HO,C)gCH.CO.- 
COCH(COaH)g, •is the hypothetical parent substance of dicyano-bis-malonic 
acid, (HO,C)*CHC(NH).C(NH).CH(CO*H)„ of which the dilactam is formed from 
dicyanogen and sodium malonic ester, ^dium amalgam reduces it to diamin- 
adipic dicarbozylic acid, which loses COg and becomes changed into jS^S^-diamino- 
adipicacid (p. 606) (A. 882 ,122). 

XI. Hydroxyketotetraearboxylia Acids. 

COgR CO,RCO,R 

III * 

Oxalodtric Lactone Ethyl Ester, CH-C-CHg, b.p.go 210®, is prepared 

Ijo—cc^ 

from two molecules of ozalacetic ester by aldol condensation and lactone locma- 
tion (A. 295, 347). 
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li. Diketot0tr*carboxyli6 Acids. 

RO,C.CO.CH.CO,R 

Dioxalosuccinic Ethyl Ester, | ^ > is lormed by the conden- 

KO,C.COCH.CO,R 

sation. of succinic and oxalic est^s by sodium cthoxidc. When distilled 
under greatly reduced pressure it loses CO and is converted into ethane tetra- 
carboxylic ester. When liberated from its disodium compound by sulphuric acid 

O-CO 

I I 

it gives Dioxalosuccinic Lactone Ethyl Ester, RO|C..C<C(COaR).CH.CO.CO|R, m.p. 
89** (A. 285, II). 

13. Hexacarboxylic Acids. 

Ethane Hexacarboxylic Acid, (COaH),C.C(CO,H)„ is not known, though 
derivatives exist, of which two may be mentioned. ,v^ 

Bis-cyanomalontc Ester, NC.C(CO,C,H,),.C{CO,C3H5)CN m.p. 57®, 

is obtained by I'lectrolysis of sodium cyauomalonic cstjpa''(C. 1905, 1 . 1141). 
Also, by the .ictton of carbon disulphide and bromine on sodium malonic ester 
and sodium cyanacetic ester there is formed Dithiotetrahydrofhiophene Tetra~ 

(RO,C),C.CS\ 

carboxylic Ester, \ /S, (B. 34 -, 1043). < 

(KO,C)gC.CS"^ 

Pentane tiayYe€-Hexacarboxylic Ester, (R03C)2CH.CH|,C(C0jR)j|CHjCH- 
(COaRla. m.p. 54®, b.p-u 155®, is prepared by condensation of two molecules 
of formaldehyde and three of malonic c.sler brouglit about by diethylamine. 
Its disodium salt and bromine produce a pontamethylene derivative (C. 1900, I, 
802). On an isomeric pentane hexacarboxylic ester, CHj[C(CO,R)3.CH,CO,R]„ 
see C. 1902. II. 733. 

Hexane 1,^,^,/^,^,6,‘nexacarboxylic Ester, CjH5()3t'rH3CH2C(CO,CtH,)gC(COj- 
C,Ha)jCH*CH,.CO,C,Il5, is fonnt'd from disoduim ethane tctracarboxylic 
ester and two molecules of ^-lodopropionic ester. Hydrolysis and decomposition 
produces digliUaric ac\d (C. 1903. I. 028). 

Heptane Hexacarboxylic Acid. A derivative of this acid is Trimethylene 
Dicyanosucdnic Ester: ^ 

GiHbO,C.CHjv.p/CN NCv. 

C.H.OtC^'^^CHjCHj.CHj'^'" X OaCalis 

m.p. 69*, b.p.7 215®, produced by the interaction of tnmethylene bromide on 
sodium cyanosuccinic ester (C. 1897, II. 520 ; 1899, I. 82O). 

Appendix. Higher polycarboxylio ethyl esters may be obtained from sodium 
propane pentacarboxylic ester, chloromalonic ester, and ( 5 hIoropropane penta- 
carboxylic ester, giving rise to Butane Heptacarboxyke Ester, C4H3(CO,C,H|)7, 
b.p.,33 280-285®, and Hexane Dekacarhoxylic Ester, ^'^^^(COjCjHj)!®, a yellow 
oil. Octane Tesserakaideka-carhoxylic Ester, is prepared from 

sodium butane hcptacarboxylic ester and chlorobutane heptacarboxylic ester. 
It is the highest known carboxylic ester, and consists of a thick oil (B. 21, 21x1). 


CABBOHTDBATES * 

This term is applied to a large class of compounds, widely distributed 
in nature, a^mprising natural sugars, and substances related to them. 
They contain six, or a multiple of six carbon atoms. The ratio of 
their hydrogen and oxygen atoms is the same as that of these elements 
in water, hence their name. 

Most of the carbohydrates have their origin in plants, although 
some are probably also produced in the animal organism. Those 

• *• Kohlcnhydrate,” von B. Tollens. ** Die Chemie dcr Zuckerarten," von 
£. 0 . von Lippmann, 11 . Auflage, 1895. ** Die Chemie der Kohlcnhydrate und 
ihre Bedeutung fur die Physiologic," von £. Fischer, 1894. 
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which occur in the vegetable kingdom meet with the most extensive 
emplo3mient. • , 

Carbohydrates serve for the preparation of alcoholic drinks (p. 114). * 
Sugars, particularly cane sugar, form the basis of many foodstuffs. 
Starch is the chief ingredient of flour from which bread, the most 
important food, is made. It is found stored up in potatoes and grain 
fruits. Cellulose, related to it, is the principal constituent of wood, 
cotton, etc., and is applied in pap^-making and for the production 
of explosives. The carbohydrates in conjunction with the proteins 
constitute the most important food-materials for man. 

Their molecular magnitude is the basis of their arrangement into 
these classes: 

Monoses, or Monosaccharides^ 

SaccharohioseSy or Disaccharides^ 

Saccharotrioscs^ or Trisaccharides^ 

Splysacchandes. 

The monosaccharides, including dextrose and laevulose, have 
already been discussed in connection with the hexahydric alcohols, 
of which they arc the first oxidation products (p. 626). 

Nearly all of the naturally occurring carbohydrates are optically 
active, i.e., their solutions rotate the plane of polarization of light (p, 54). 
The specific rotatory power is not only influenced by the temperature 
and concentration of their solutions, but very frequently also by the 
presence of inactive substances (B. 21 , 2588, 2599). Some represen¬ 
tatives also exhibit the phenomena of birotation and semirotation 
(p. 632). Constant rotation is generally attained by heating the 
solutions for a brief period. The determination of this rotatory 
power of the carbohydrates by means of the saccharimeter serves to 
ascertain their purity, or for the determination of their amount when 
dissolved ; optical sugar test, saccharimetry (p. 659). 

A. DISACCHARIDES, SACCHAROBIOSES 

Disaccharides, consisting of two molecules of dextroses or monoses 
(P*625), b^nce termed biases, have up to the present only been known 
among the hcxoscs, CelligOa (see Galacto-arabinose (p. 660), their 
formula being C12H22O11. By the absorption of water they are 
resolved into two molecules of the hexoses : 

Ciillf^Oii 4*HjO = 2CgH||0|. 

This reaction is known as hydrol3rtic decomposition or hydrolysis. 
The higher carbohydrates are also capable of undergoing this change. 

The constitution of the disaccharides indicates that they are ether¬ 
like anhydrides of the hexoses, in which the union occurs either through 
the alcohol and the aldehydo- or keto-group. Lactose and maltose 
also contain the aldose group, CH(OH).CHO, as is shown by their 
reducing Fehling's solution upon boiling, forming osazones with phenyl- 
hydrazine, and when oxidized with bromine water, yielding monobasic 
acids, C12H22O12, lacto- and maltobionic acids (p. 660) (B. 21 , ^$33 ; 
22 , 361). Sucrose does not show reducing power and does ntft yield 
VOL. I. - 2 0 
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an osazone ; the reducing groups of dextrose and Isevulose appear to 
be combined together in this compound. cThe o^iazones of some of 
^ these sugars split off glyoxal osazone when treated with alkalis (B. 
29, R. 991) (comp, also the formation of glyoxalin from the hexoses 
and ammonia, p. 630)* 

The hydrolysis of the saccharobioses has already been described in 
detail under alcoholic fermentation (p. 112); it is brought about by 
unorganized ferments, such as diastase and synaptase or emulsin (con¬ 
tained in sweet and bitter almonds). Invertin (changing a dextro¬ 
rotatory sugar solution into laevo-rotatory invert sugar), ptyalin (the 
fennent of saliva), pancreas diastase, and other animsd secretiqps exert 
a like action (p. O77). 

When the di- and poly-saccharides are heated with water and a 
little acid they undergo hydrolysis, with a rapidity which, according to 
Ostwald, bears a close relation to the affinity of the acids (J. pr. 
Chem. [2] 31, 307). Certain inorganic salts, and^ also glycerol, are 
capable of inverting sucrose (B. 29, R. 950; 27, R. 574). 

Prolonged or strong heating with acid brings about a reversion, in which the 
dextroses, and particularly laevulose. undergo a backward condensation to dextrin¬ 
like substances (B. 28 ,2094). Also ferments such as maltase, kefir-lactase, etc., can 
cause reversion of the hexoses into disaccharides. It is also possible to build up 
some of the disaccharides from acetochlorodextrose (p. 634) or acctochloro- 
galactose (p. 635) with sodium dextrose or sodium galactose in alcohol solution. 
From this the galactosidodextrose appears to be identical with melibiose (B. 85 , 

3144)- 

Suoroae, Saccharose, Saccharobiose, Ci2H220n,m.p. 160®, D=i‘666, 
[a]g*=4'66'5® (B, 17, 1757), the most important ;^of the sugars, 
occurs in the juice of many plants, chiefly in sugar cane (Saccharum 
oj^inarum) {20 per cent, of the juice), in some varieties of maple, in the 
sorghum {Sorghum saccharatum), and in beet-roots {Beta maritima) 
(10-20 per cent.), from which it is prepared on a commercial scale; 
and also in the seeds of some plants (B. 27, 62). 

Whilst the hexoses occur mainly in fruits, sdcrose is usually 
contained in the stalks of plants. The sugar cane contains, together 
with the sucrose, laevulose and dextrose, of which the quantity 
diminishes with the growth of the plant. ^ 

o 

Historical .—^Sugar has been obtained from sugar cane from the earlie&t times. 
In the middle ages sugar cane was a rarity in Germany; it was only af ter the 
discovery of America that it was gradually introduced as a sweetening agent. 
In 1747 Marggraf* in Berlin, discovered sucrose in beet-roots, an observation 
which became the basis of the beet-sugar industry. In 1801 Achard, in Silesia, 
erected the first beet-sugar factory. The continental blockade forced by 
Napoleon 1 . hastened the development of the new industry, which during the last 
fifty years has attained a constantly increasing importance in Germany, where 
about one-fiith of the total sugar yield of the world is produced. In the year 1906-7, 
369 factories consumed 14.186.536 tons (i ton »1000 kilos) of beets, which produced 
2,342,000 tons of beet-sugar. The total production of sugar in the world was, in 
X90&^. about 7,120.000 tons of beet-sugar and 5,140.000 tons of cane sugar. 

Technical Preparation ^—The sugar is best removed from the cane and from 


* Ein Jahrhundert chcmischer Forschung unter dem Schirme der Hohenzollern. 
von A. W. Hofmann, 1881. 

t Hdb. d. chem. Technologic, Ferd. Fischer, 1893. S. 851*888. 
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the finely divided beets by the diffusion process. The saccharine juice diffuses 
through the cell wall% whereas the colloids in the latter remain behind. The 
filtered sap is jieated to 80-90* with milk of lime, to saturate the acids, and pre** 
cipitate the proteins. The juice is next trrated with carbon dioxide, phosphoric 
acid, or SO, (to arrest fermentation), filtered through animal charcoal, 
and is concentrated in vacuum pans till it crystallises. The mother-liquor, 
melasse, is separated by centrifugation, and the solid is washed with a pure 
sugar solution (** Klatsel ") or purified by recrystallisation, and thus forms refined 
sugar. 

Sugar may be obtained from the syrupy mother liquor—^the molasses, which 
cannot be brought to crystallization: 

(x) By osmosis, depending upon diffusion through parchment paper, in appara¬ 
tus similar to filter presses. 

(2) By washing {Schetbler, 1865). The sparingly soluble saccharates of 
lime and strontium are obtained from the molasses (see below) and these are 
freed from impurities by washing with water or dilute alcohol. The purified 
saccharates are afterwards decomposed by carbon dioxide, and the juice which 
is then obtained, after the above plan, is further worked up. 

The molasses is also converted into rum (p. 114). 

Properties. —Wfien its solutions are evaporated slowly, sucrose 
separates in large monoclinic prisms, and dissolves in one-third part 
water of medium temperature ; it dissolves with difficulty in alcohol. 
After being melted it solidifies to an amorphous glassy mass (sugar 
candy), which in time again becomes crystalline and non-transparent. 
At 190-200° it changes to a brown non-crystallizable mass, called ^ 
caramel, which finds application in colouring food stuffs. 

The quantity of sugar in solution may be determined by polariza¬ 
tion, using the apparatus of Soleil-Ventzke-Scheibler, or the half-shadow 
instrument devised by Schmidt and Hdnsch (B. 27 , 2282), as well as 
from the specific gravity by means of the saccharimeter of Brix. 

Reactions and Constitution. —Sucrose is hydrolyzed into d-de±trose 
and d-laevulose (invert sugar) when boiled with dilute acids; and 
also by the action of ferments. It is only after this occurs that it is 
capable of reducing Fehling^s solution. Mixed with concentrated 
sulphuric acid it js converted into a black, humus-like body. d-Sac- 
charic acid, tartaric acid and oxalic acid are formed when it is boiled 
with nitric acid. Sucrose heated to 160° with an excess of acetic 
anhydride gives octacetyl ester, C|oHi403(0.C0CH3)8, m.p. 67° (B.- 34 , 
43^). This latter fact and the failure of sucrose to reduce Fehling's 
solution under ordinary conditions are made to appear in the following 
formul^fe: 


I. {Tollens) 
(B. 16 , 923) 



II. {E. Fischer) :h-O, CH.OH 

(B. 26 ,2405) I \ I 

CHOH 

I /1 

CH.OH / CH.OH 

^1 9 ' 

ZH \ CH.OH 
CHOH \cH 
CH.OH 


Saccharates .—Sucrose unites with bases to form saccharates, Cj.H.| 0 ii.Ca 04 - 
2H«0, is precipitated by alcohol, whilst C,tH|tOii.2CaO crystallizes on cooling. 
Cl tH*|Oi,.3CaO dissolves with great difficulty (B. 16 , 2764). SimiUr rompotmds 
are formed with the oxides of strontium and barium (see above) (B, 16 , 964)* 
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Tetranitrosaccharose, CisHib(NO,)40i], explodes violently. 

r Lactose, Milk Sugar, Lactobiose, Ci2H22©n+H^O, m.g. anhydrous 
205® with decomposition, occurs in the milk of mammals, in the amniotic 
liquor of cows, and in certain pathological secretions. Fabriccio 
BartoleUi, of Bologna, discovered it in 1615, 

LActose is prepared from whey, which is evaporated to the point of crystalliza* 
tion, and the sugar which separates is purified by repeated crystallization. 

Lactose crystallizes in white, hard, rhombic prisms, which become 
anhydrous at 140°. It is soluble in 6 parts cold or 2^ parts hot water, 
has a faint sweet taste, and is insoluble in alcohol. Its aqucous,solution 
is dextro-rotatory and exhibits biroiation (p. 632). It resembles the 
hexoses in reducing ammoniacal silver solutions in the cold, but in case 
of alkaline copper solutions boiling is necessary. 

Reactions and Constitution .—Lactose is decomposed into galactose and 
d-dextroso by being heated with dilute acids. It is onl)r slowly attacked by 
yeast, but it readily undergoes lactic acid fermentation (pp. 3O3, 631). Nitric acid 
converts it into d-saccharic and mucic acids. Bromine produces lactobionic acid, 
CisHstOit, which splits up into d-gluconic acid and d-galactose ; whilst oxidation 
with H|Os breaks it down, as it docs the aldoses (p. 6x7) into gdlacto-ayahinose, 
Cj,H,oO,o. The latter forms an osazone, m.p. 237*. and is hydrolyzed into 
d-galactose and d-arabinose (B. 33 , 1802). Lactose takes up hydrocyanic acid 
and forms ultimately lactose carboxylic acid, C,sHssO[i.CO,H, which decomposes 
into d-glucoheptonic acid (p. 651) and d-galactosc (A. 272 , 198). See also 
Isosaccharine (p. 620). Lactosazone, C,4l'I,404(NaHC4H4)||, m.p. 200° (B. 20 , 
829). Octo-acetyl Lactose, CialluOaCOCOCHJj, m.p. 100°, yields, with fluid HCl 
hepia^aceiyl chlorolactose, Ci,H,40s0C0CHg)7Cl. Hepta-acetyl Bromoiactose is 
formed from lactose and acetyl bromide. The two last-named lactose compounds 
exhibit polymorphism. When treated with methyl alcohol and silver carbonate, 
they yield hepta-acetyl methyl lactose, Cj4Hi4O3(OC0CHj)7CH5 (B. 35 , 841; 
C. 1902, 11 .1416). These changes demonstrate the formula of lactose to be that 
of galactodextrose : 

I O j 

HOCH j.CHOH.CH[CHOH] 4CH—O—CH j[CHOH] *CHO. 

Lactic acid forms a crystalline compound with aminoguanidine nitrate and 
sulphate (B. 28 , 2614). * 

Maltose, Mali Sugar, Maltobiose, Cj2H220i,+H20, W“=I37° 
(B. 28, R. 990 ; C. 1897, II, 695), is a variety of sugar formed, together 
with dextrin, by the action of malt diastase (p. 115) on starch as in the 
mash of whiskey and beer. It is also an intermediate product in the 
action of dilute sulphuric acid on starch, and of ferments (p. 677) 
diastase, saliva, pancreas on glycogen (p. 662). It can also be obtained 
from starcli paste by means of diastase (A. 220, 209). It is capable 
of direct fermentation. It forms a hard, white, crystalline mass. 

Reactions .—It was formerly believed that maltose could be directly fermented 
by yeast. It appears, however, that there is present a second enzyme (glucose ?) 
which, along with invertin, which does not hydrolyze maltose., decomposes 
the maltose into dextrose (B. 29 , R. 663), Maltose reduces Fehling^s solution, 
but only about two-thirds as much as dextrose, which it resembles very closely 
(A. 220 , 220). 

Diastase does not exert any change on maltose. When boiled with dilute 
acids, it absorbs water and passes completely into d-dextrose or grape sugar. 
Nitric acid oxidizes it to d-sacchaiic acid, whilst chlorine changes it to malto^ 
Monte acid, This yields dextrose and d-gluconic acid when it is 
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heated with acids. Hydrocyanic acid transforms it into maltose earbostylic 
acid, CiaHtsOji.COaH. which decomposes into d-dextrose and d-glucoheptonic 
acid (A, 272 , too). * • 

When boiled with lime-water it forms isosaccharine (p. 620). Octacetyl 
Maltose, Ct*Hi40a(0C0CH,)„ m.p. 156*, yields, with fluid HCl Hepiacetyl Chioro- 
maltose, Cj|H,4Oa{OC0CHa),Cl, m.p. 67®; fuming nitric acid in chloroform 
solution produces Hepiacetyl Maltose Hitrate, C,aH]40a(0C0CHa)7(0N0a), m.p. 
04®. Both the latter substances react with methyl alcohol to form a Hepiacetyl 
Methyl Maltose, m.p 128®, from which the loss of the acetyl groups leaves p^Methyl 
Maltose, CiaHaiOii(CH,). m.p. 94® (B. 84 , 4343; 86, 840)* Maltosasone, m.p. 
206®, is decomposed by benzaldehyde into maliosone (B. 20 , 831; 86, 314^)* 
Maltose is constituted similarly to lactose (p. 660) (B. 22 , X941). 

The following saccharobioses are less impor^nt: Isomaltose, CnHijO],, 
[a]D=a+^o®, isomeric with maltose, results from the action of hydrochloric acid 
on d-dextrose (B. 28 , 3024), and in the mashing process (B. 26 , R. 577; B. 29 , 
R. 991). Yeast does not ferment it; diastase converts it into maltose ; osasone, 
m.p. 150-153®. 

Mycose, Trehalose. (B. 24 , R. 554: 26 , 1332), occurs in 

several species of fungi —e g., m Boletus eduhs (B. 27 , R. sn), in ergot, and in the 
oriental Trehala. Aeids convert it into d-dextrose (B. 26 , 3094). 

Mellbiose, m.p. 84® (incomplete), [a]^=a-i-i 29 ' 3 ®® (C. X899. II. 

526) is prepared from melitriose (see below); it is probably identical with the 
synthetic galactodextrose (p. 658). It is decomposed by hydrolysis into 
d-galactose and d-dextrose; osasone, m.p. 177® (B. 22 , 3113; 28 , 1438, 3066; 
86,3146). 

Turanose, [a]i,= -l-65 to -|-68®, is formed along with d-dextrose 

in the partial hydrolysis of melecxtose as a white mass ; osasone, m.p. 215-220® (B, 
27 ,2488). 

Agavose, CnHigO,,, is obtained from the stalks of Agave americana (B. 26 , 
R. 189). Lupeose, is contained in lupin seeds (B. 26 ,2213}. 


B. TRISACCHARIDES, SACCHAROTRIOSES 

Baffinose, Meliiose, Melitriose, CxgH 320 ifl+ 5 H 20 (B. 21 , 1569; 
C. 1897, II. 520) [a]i,=io4®, occurs in rather large quantity in Australian 
manna (varieties of Eucalyptus), in cotton seed meal, in small amounts 
in sugar beets, and being more soluble than sucrose, it accumulates 
in the molasseS in sugar manufacture. From this it crystallizes 
out with the sugar (A. 232 , 173). Its crystals have peculiar terminal 
points, and show strong rotatory power (Plus sugar). 

* To determine raffinose quantitatively, consult B. 19 , 2872, 3116. 

By hydrolysis it yields fructose and melibiose (B. 22 ,1678 ; 28 , R. 103). 

Hftlecftose, Cj4Ha40i4+2H40, m.p. (anhydious) 148®, occurs in the juice 
of Ptifws larix, and in Persian manna. It is distinguished from sucrose by its 

t reater rotatory power (B. 26 , R. 694), and in not being so sweet to the taste, 
t decomposce by partial hydrolysis into d-dextrose and iuranosc (B. 27 , 2488). 
SUehyose, is obtained from Siachys tubertjera (B. 24 ,2705). 


C. POLYSACCHARIDES 

• 

The .polysaccharides having the empirical formula all 

possess a much higher molecular weight, (CeHioOs)., and differ much 
more from the hexoses than the di- and tri-saccharides. They are, 
in general, amorphous and soluble in water, except cellulose, which is 
insoluble. By hydrolysis, by boiling with dilute acids, or unde^^lhe 
influence of ferments (p. 677), nearly all are finally broken up into 
monoses (see Dextrin). Their alcoholic nature is shown in their abflity 
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to form acetyl and nitric esters. They may be classified as slorcAss, 
%ums and ceUulose, • '' ^ 

There are certain gums, like cherry gum and wood gum (p. 063) which yield 
pentoses by hydrolysis. They are, therefore, called pentosans to distinguish 
them from the dextrosans —tlic polysaccharides, which break down into dextroses 
when they are hydrolyzed (B. 27 , 2722). 

On experiments for determining the molectUar magnitude of the polysaccharides 
such as starch, glycogen, cellulose, by chemical and physical means, see C. X906, 
I. 655. etc. 

Starches. —(i) Starch, Amylum, (CflHioOs)*, is found in the cells 
of many plants, in the form of circular or elongated microscopic granules, 
having a definite structure. The size of the granules varies, in different 
plants, from 0 002-0*185 mm. Air-dried starch contains 10-20 per 
cent, of water; dried over sulphuric acid it retains some water, which is 
only removed at 100®. Starch granules are insoluble in cold water 
and alcohol. When heated with water they swell up at 50®, burst, 
partially dissolve, and form starch paste, which rotates the plane of 
polarization to the right. The soluble portion is called granulose, the 
insoluble, starch cellulose. Alcohol precipitates a white powder— soluble 
starch —from the aqueous solution (C. 1897, II. 842). 

One of the supposed main differences between granulose and 
cellulose in the starch grains appears on closer examination not to 
exist, since starch is completely soluble at 138°; the starch cellulose 
is perhaps a reversion product (see p. 658) of the partially hydrolyzed 
Starr b. The main constituent of starch, that which is coloured by 
iodine, and is completely converted by malt into maltose (see below), 
is known as amylose, which is different from the slimy, paste-forming 
constituent known as amylopectin (see Pectin, p. 663) (A. 809 , 288; 
C. 1905, IL 314; 1906, IL 229). 

The blue coloration produced by iodine is characteristic of starch, 
both the soluble variety and that contained in the granules (B. 25 , 
1237 ; 27 , R. 602 : 28 , 385, 783 ; C. 1897, 1 . 408, So\ ; 1902, II. 26). 
Heat discharges the coloration, but it reappears on cooling. Consult 
B. 28 , R. 1025, for a quantitative, colorimetric method for the deter¬ 
mination of starch, 

Boiling dilute acids convert starch into dextrin and d-dextrose 
{Kirchhoff, 1811). When heated at 160-200® it changes into dextrin. 
Malt diastase changes it to dextrin, maltose, and isomaltose (p. 661) 
(B. 27 , 293). This is a reaction which is carried out technically on 
a large scale in the manufacture of alcohol from starch (p.Ti5). 

(2) Paramylum, occurs in the infusoria Euglena virtdis. It is not 

coloured by iodine, and is soluble in potassium hydroxide. 

(3) Lichenin, Moss-starch, ocours in many lichens, and in Iceland 

moss (Cetraria istandtea). Iodine imparts a dirty blue colour to it. It yields 
d-dextrose when boiled with dilute acids. 

(4) InnllD is found in the roots of dahlia, in chicory, and in many tompositas' 
like Inula helsnium. Iodine gives it a yellow colour. When boiled with water 
it is completely changed to d-fnictose. 

(5) Caruibin, occurs in St. John's Bread, the pods of Ceratonia 

siliqua, and is decomposed by mineral acids into d-mannose, C^Hi^Ot. 

(6) Olyoogen, Liver Starch, (CeHioOs)*, is an important product 
of metabolian. and occurs in the liver and other portions oi ma mm als; 
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also in the lower animals and fungi (mushrooms). The liver forms 
glycogen from de^rtrose ajid other monoses, glycerol, formaldehyde, 
etc. (C. 190^, II. 168; 1908, 1 .1176). When boiled with dilute acids* 
glycogen is changed into d-dextrose; ferments, however, produce 
maltose. For quantitative determination see C. 1899, I. 572; 1903, 

I. 1305- 

The Gums.—^These are amorphous, transparent substances widely 
disseminated in plants; they form sticky masses with water and are 
precipitated by alcohol. They are odourless and tasteless. Some of 
them yield clear solutions with water, whilst others swell up in that 
menstruum and will not filter through paper. The first are called the 
real gums and the second vegetable mucilages. Nitric acid oxidizes 
them to mucic and oxalic acids. 

Dextrin, Starch Gum, Leiocome, (CgHioOs),,. —^By this name are 
understood substances readily soluble in water and precipitated by ' 
alcohol; they appear as intermediate products in the conversion of 
starch into dextrin, eg,, heating starch alone at 170-240®, or by 
heating it with dilute sulphuric acid. Different mo^fications arise 
in this treatment: amylodextrin, erythrodextrin, achroo-dextrin, which, 
however, have received little study (B. 28 , R. 987; 29 , R. 41; C. 
1897, 1 . 408 ; A. 309 , 288). They are gummy, amorphous masses, of 
which aqueous solutions arc dextro-rotatory, hence the name dextrin. 
They do not reduce Fehltng*s solution, even on boiling, and are incapable 
of direct fermentation ; in the presence of diastase, however, they can 
be fermented by yeast (p. 113), and are then converted into d-dextrose. 
They yield the same produ^ when boiled with dilute acids. The 
dextrins unite with phenylhydrazine (B. 26 , 2933). The yeast gum 
. present in yeast cells, has been isolated (B. 27 , 925]. 


Dextrin is prepared commercially by moistening starch with two per cent, 
nitric acid, allowing it to dry in the air, and then heating it to x xo". It is employed 
as a substitute for gum (B. 23 , 2104). 

Arsbln, Gum, exudes from many plants, and solidifies to a traniroarent, glassy, 
amoiphous mass, which dissolves in water to a clear solution. Gum arabic or 
gum Senegal consists of the potassium and calcium salts of arabic acid. The latter 
can be obtained pure by adding hydrochloric acid and alcohol to the solution. It 
iythen precipitated as a white, amorphous mass, which becomes glassy at 100*, 
and possesses the composition (C^Hj^Oila+HiO. It fofms compounds with 
nearly ^11 the bases, which dissolve readily in water. 

Some varieties of gum, e.g., gum arabic, yield galactose in considerable quantity 
when boiled with dilute sulphuric acid ; and with nitric acid they are converted 
into mucic acid; others, like cherry gum, are transformed on boiling with sulphuric 
acid into 1-arabinose, CfHnOi (p. 619), and into oxalic acid, not mucic acid, by 
nitric acid. The gum, extracted from beechwood by alkalis and precipitation 
with acids, is converted into xylose (p. 6x9) by hydrolytic decomposition. Hence 
these gums must be regarded as pentosans (p. 662) (B. 27 , 2722). On the 
hydrolysis of the pentosans, see also B. 36 , 319). 

Bissorin, Huollage, constitutes the chief ingredient of gum tragacanth, 
Bassora gum, and of cherry and plum gums (which last also contain arabin). It 
swells up in water, forming a mucilaginous liquid, which cannot be filtered; it 
dissolves very readily in alkalis. On the hydrolysis of plant-mucus, see B. 86 , 

Pectin substances (from wiiktIs, coagulated) occur in fruit juices, eg,, ap^, 
cherries, currants, greengages, etc. They cause these, under suitable coiulitions, 
to gelatinise. They are closely allied to &e vegetable gums, and may be regarded 
as oxymucilage (A. 280 ,278; B. 28 ,2609). 



664 


ORGANIC CHEMISTRY < 


Cellulose, Wood Fibre, Lignose (C22H20O10),, possibly C72H120O00 
(B. 82 ^ 2507), forms the principal ingrediqnt of the cell membranes 
•of all plants, and exhibits an organized structure. To obtain it pure, 
plant fibre, or, better, cotton-wool is treated successively with dilute 
potassium hydroxide solution, dilute hydrochloric acid, water, alcohol, 
and ether, to remove all admixtures (incrusting substances). Cellulose 
remains then as a white, amorphous mass. 

Sulphite Cellulose is prepared by treating wood with hot calcium 
bisulphite liquor under pressure, whereby the lignin Surrounding the 
wood fibre is dissolved. Sodium cellulose is formed when straw is 
heated with sodium hydroxide solution. Cellulose is employed for the 
manufacture of paper, parchment paper, gun-cotton, smokeless pow¬ 
der, celluloid and celluloid-like bodies, artificial silk, oxalic acid, etc. 

Cellulose is insoluble in most of the usual solvents, but dissolves 
without change in an ammoniacal copper solution (B. 38 ,2798). Acids, 
various salts of the alkalis and sugar precipitatGoit as a gelatinous 
mass from such a solution. After washing with alcohol it is a white, 
amorphous powder. When acted on by sodium hydroxide solution 
of various concentrations, cellulose absorbs the alkali with simul¬ 
taneous contraction. The alkali can be removed by washing with 
water leaving the cellulose behind as a hydrate (Mercerisaiion, B. 40 , 
441, 4903). The alkali cellulose combines with carbon disulphide to 
form water soluble xanthates, known as viscose (B. 84 , 1513, etc.), 
wliich on hydrolysis also 5deld hydrocellulose or cellulose hydrates. 
These hydration products of cellulose can also be produced in various 
other ways. 

Oxycelluloses constitute a whole series of bodies obtained when 
cellulose is oxidized by nitric acid, bleaching powder, permanganate, 
and hydrogen peroxide (B. 34 , 719,1427, 2415, 3589). 

If unsized filter paper be immersed for a short time in sulphuric 
acid, which has been diluted with half its volume of water, and then 
washed with water there is formed parchment paper ^vegetable parch¬ 
ment) which is similar to parchment, and has many uses. In concen¬ 
trated sulphuric acid cellulose swells and dissolves to a paste from which 
water precipitates a body similar to starch (amyloid), which is coloured 
blue by iodine. Prolonged action of sulphuric acid produce? dextrtn, 
which is converted into racemic acid by dilution and subsequent 
boiling. Sulphuric acid and acetic anhydride produce an acetoacetate 
of a saccharobiose, the crystalline cellohiose, C12H22O11, osazone, in.p. 
198®. 'fhis, which can be obtained from the acetate by hydrolysis 
with potassium hydroxide, yields in part on hydrolysis with dilute 
sulphuric acid, dextrose. Cellobiose stands in the same relation to 
cellulose as maltose to starch (B. 34 , 1115 ; C. 1902, 1 . 183; comp. 
I. 1902, I. 405). 

Nitrocelluloses.—Strong nitric acid produces from cellulose, first, 
a hydrolyzable nitrate (B. 87 ,349 ; C. 1908, I. 2024). A more concen¬ 
trated acid, or, better, a mixture of nitric and sulphuric acids forms 
nitric esters, known as ntirocelluse (C. 1901, II. 34 * 92 ; B, 84 ,2496). 


According to the mode of action, the products show vaiying characteristics. 
11 pure cotton wool is immersed for 3-10 minutes in a cold mixture of 1 part of 
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nitric acid with 2-^3 sulphuric acid, and then carefully washed with water, there 
is formed gun-cotton (t^roxylin), which was discovered in 1845 by Schonhoin. It 
is insoluble ii^ alcohol and ether and their mixture, and explodes violently when 
ignited in a closed space by percussion. In the air it bums very rapidly without * 
exploding. If the cotton wool be immersed for a longer time in a warm mixture 
of 20 parts of powdered sodium nitrate and 30 of concentrated sulphuric acid, 
there is formed soluble Pyroxylin, which is dissolved by a mixture of ether and 
a little alcohol. The solution is known as collodion ; this, on evaporation, leaves 
the pyroxylin in the form of a thin transparent skin insoluble in water, which is 
employed in surgery and photography. 


The explosive insoluble gun-cotton consists mainly of cellulose 
hexanitrjite, Ci2Hi4{0.N02)604, whilst the ether-alcohol soluble p5rro- 
xylin is formed chiefly of the tetranitrate, C]2Hie(0N02)40e, and the 
pentanitrate, Ci2Hi6(O.N02)505 (B. 13 ,186). The solution of collodion 
cotton in nitrogylcorine (with small quantities of other substances), 
constitutes a blasting gelatin which is employed as smokeless powder 
(B. 27 , R. 337). , 

When mixed with cam})hor, nitrocellulose forms celluloid, a sub¬ 
stance like vulcanite (highly vulcanized rubber), having the dis¬ 
advantage of burning violently when ignited. 

Acetyl Cellulose is formed by the action of glacial acetic acid, acetic 
anhydride, and a small quantity of concentrated sulphuric acid, or 
zinc chloride on cellulose. It is characterized by its solubility in various 
organic solvents and insolubility in water. It is used, like ammonium- 
copper hydroxide cellulose (p. 604) and nitrocellulose, for the prepara¬ 
tion of artificial silk, and many other technical purposes (C. lyoz, II. 
1022 ; 1907,1. 1736 ; 1908,1. 1831). 

Simultaneous action ol acetic anhydride and nitric acid produces 
cellulose aceioniiraie (B. 41 , 1837). b'ormic acid and sulphuric or 
hydrocliloric :•* id give rise to cellulose formate (C. 1908, L 328). 
Benzoyl chloride and pyridine produce benzoyl cellulose (C. 1903, I. 

744 )- 


It is remarkable that it has been found impossible to introduce 

more than tlirec acyl, NO2, CH3CO, etc., grou])S into cellulose, of which 

tlie simplest formula is CeHipOs (C. 1906, II. 672). This, together 

with the ease with which cellulose is converted by HCl or HBr into 

bfomo- and cliloro-mothyl furfural (Vol. II.) suggests as the simplest 

, , ho.cu-<:ei—CH—OH ^ V . , . t 

fonnula | >0 ^ o (C. 1906, II. 321), of which 12 polymers 

• HOCH—CH—CH, 


of cellulose become possible. 

The products of dry distillation of wood, such as acetic acid, acetone, 
and methyl alcohol, arc the most important decomposition-products of 
cellulose. When fused with alkali, cellulose similarly yields oxalic acid 
(p. 480). Fermentation of cellulose causes the formation of CO2, 
hydrogen and methane (C. 1904, 1 . 1338 ; 1906, 1 . 1034, etc.). 


ANIMAL STTBSTANCES OF UNKNOWN CONSTITUTION 

Now that the description of the aliphatic bodies has been con¬ 
cluded, certain substances of animal origin will be mentioned, of which 
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exhat|stive treatment properly belongs to the province of physiological 
chemistry. It is especially noteworthy that very freauently well- 
known mono- and ^-amino-acids and hydroxyamino-ncids of the 
aliphatic series are found among the decomposition products of these 
bodies. Many of the substances described in the following pages occur, 
both in the vegetable and animal kingdoms, in closely related modi¬ 
fications of uncertain constitution, e.g,, the proteins, the nucleins, the 
cholesierok, the enzymes, etc., and al^ the carbohydrates (p. 65O) and 
lecithins (p. 531), which have already received mention. 


PROTEINS, ALBUMINS* 

These were formerly known as proteid substances, and form the 
principal constituents of the animal organism. They also occur in 
plants (chiefly in the seeds), in which they are exclusively produced. 
When absorbed into the animal organism as nutritive matter they 
undergo but very slight alteration in the process of assimilation. 

The composition of the different proteins varies within definite limits (J. pr* 
Ch. [2] 44 . 345 ): 

C 50 0 to 55'o per cent. Crystallized Albumin : C 
H 6*9 7*3 » H 

N 150 190 „ N 

O 19*0 „ 240 „ O 

S 0*3 „ 2*4 „ S 

The molecular magnitude of the proteins is not definitely known. ITiere is 
no doubt but that their molecular weights are large. Sabanejeff, employing 
Rao%Ui*s method, obtained 15,000 for the molecular value of purified egg albumin. 
All protdns rotate the plane of polarization to the left. They always leave an 
inorganic rc.]idue when they are burned. In the solution and precipitation pro* 
cesses employed in obtaining them free from mineral ash, the protein frequently 
undergoes a change in its properties (B. 25 ,204). 

When the proteins are oxidized, there are formed volatile fu,tty acids and their 
aldehydes, ketones and nitriles, hydrocyanic and benzoic acids. Permanganate 
produces first oxyprotosulpbonic acid, of the composition per cent., 

Hs» 6‘89 percent., hi ==I4*59 percent., S=«i'77 percent., 0=25*54 per cent.; and 
finally peroxyprot ic acid 0=46*22 per cent., and H=6'43 per cent., N=i2*-3o 
per cent., 3=0-96 per cent., 0=34*09 per cent. (Z. physiol. Ch. 19 , 225;, 

Boiling with dilute sulphuric or hydrochloric acid, or with barium hydroxide 
solution or other alkalis, produces mainly amino-acids, the simplest decomposition 
products of the proteins, with varying quantities of ammonia and carbon dioxide. 
The most important of the acids, of which the structural formulae can be ascer¬ 
tained are: 

a. Monamino-monoesrboxylie Aeids. 

Glycocoll, NH,CH.CO»H (p. 385). Hippuric Acid, C,HgCONH.CH,CO»H 
(Vol. II.). 


51*48 per cent. 
6*76 „ 

18-14 M 

22*66 „ 

0*96 „ 


* Die Eiweissarten der Getreidearten, Hulsenfriichte und Oelsamen, von 
H, Ritthausen, 1872. Handbuch der pbysiologisch- und patliologisch-chemischen 
Anadyse, von F, Hoppe-Seiler, 1893. "Eiweisskorper," Artikel von Drechsel in 
LadenbUfffs Handw., 1885. A. Neumdster, Lembuch der physiol. Chemie, 
Aufi. 11 ., 18^. Hammarsten, Lehrbuch der physiol. Chemie, Aufl. IV., 1899. 
A. Kossdg^^et den gegenwartigen Stand der Hweisschemie, B. 84 | 3214; 
Fischer, uuNFSUchungen uber AminosAuren, Polypeptide und ProMne, 
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AUmint, MH,CH(CH,)CO,H (p. 388). • 

Valine. NH,CH[CHipn,)JCO.H (p. 389). 

Leucine, NH,CH[CH,CH(CH,)JCO,H 389). 

Isoleucine. NH,CH[CH{CH,)(C.H,)]CO,H (p. 390). 

Phenyl Alanine. NH,CH(CH,C,H,)CO,H (Vol. II.). 

Tyrosine. NH,CH[CH,[i]C,H.[4](OH)]CO,H (Vol. II.). 

Tryptophane, NH,CH[CH,.C<^»^*>NH]CO,H (Vol. Il.». 

h. Monamino-diearboxylle Aeidi. 

Aspartic Acid, NHgCH(CO,H)CH,CO|H (p. 553)- 

Glutaminic Acid, NH,CH(CO,H)CHjCH,CO,H (p. 558). 

c. Hydroxamlno-, Thloamlao-, Dlamino-p Imlno-Aolds. 

5m«tf5HOCH,.CH(NH,)CO,H (p. 540). 

Cystine, NH,CH(CO,H)CH,S.SCH,CH(NH,)CO*H. 

Ornithine, NHaCHaCHaCHaClI(NHa)COaH, together with Arginine, NHaC(NH)- 
NH.CHaCH2CHaCH(NHa)COaH, and Omithuric Acid, CeHaCONHCHaCHaCH*- 
CH(NHa)C03H (p. 542)* 

Lysine, yHaCH,CH,CH ,CHaCH(NH,)COaH (p. 542). 

Proline. l!rHCH,CH,CH,(!:HCO, H (p. 542). 

Hydroayproline. ijHCH,CH,CH(OH)iHCO,H (?) (p. 598). 

/NH.CH 

Histidine, CH^ || (comp. p. 546). 

,CH (NHa)COaH 

All these products are not obtained from all proteins, and their relative 
quantities vary within wide limits according to the various parent protons. The 
quantitative separation of each amino-acid from a mixture of decomposition 
products has until now only been efiected imperfectly, either by precipitation 
methods (comp. p. 669) or by E. Fischer*s method of esterifying the acid 
mixture, and separating the esters by fractional distillation in vacuo (p. 49). 

The hydrolytic decomposition of proteins is carried out most quickly by 
mineral acids, and less well by alkalis; further, the same efiect is achieved by 
means of the ferments of the alimentary canal such as pepsin and trypsin, whereby 
the protein passes through a scries of intermediate products—albumoses. peptones, 
poly- aud di-peptides (comp. pp. 390. O70) before the amino-acids are reached. 
The mineral acid hydrolysis can be carried out so that the poly- and di-peptides 
can be collected (B. 40, 3544). 

The life processes of lovier organisms such as the bacilli, bacteria, etc., con¬ 
cerned in putrefaction break down the proteins into fatty acids up to caproic 
acid, B-aminovalenc acid (p. 389) (B. 24, 1364); phenyl acetic acid, CgH^CHtCOsH 
{VoLLh); p'hydroxyphenyl propionic acid, HO[4]C,H4ti]CH,CH,CO,H(Vol.II.); 
pheeiol, CgHfOH (Vol. II.); also p-indole propionic acid, indole acetic acid, 
shatole (j9-Niethyl indole), indole —bodies which are produced by the breakmg 
down of tryptophane (see above) similarly to the previously mentioned from 
phenyl/alaumc and tyrosine (formula, see above, and B. 87, iSox ; 40, 3029). 
Other basic substances are also formed during putrescence, mainly diamines and 
imines of the fatty scries, known as ptomaines and toxins (p. 331). 

Certain pathogenic organisms, such as the diphtheria and anthrax bacilli, 
produce a less far-reaching basic decomposition (?) whereby poisonous protein 
and peptone-like bodies are formed known as toxalbumins, which, when heated 
in aqueous solution lose their poisonous properties' (B. 28, R. 251). 

Proteins are produced in plants in daylight by unlmown means from COg, 
HgO, NHg, HNOg and HgS04; plants containing chlorophyll also use substances 
containing'the groups —CH*— and —CHOH—. 

A knowledge of the constitution of the proteins can only be formed from A * 
few general aspects. u 

llie decomposition products show that the major part of the carbon is aliphato. 
Also the protein yields only a relatively small quantity of break-down prodacls 
possessing the aromatic ring, such as phenyl alanine, tyrosine, tryptO{ma&6» M 
well as phenol, skatole and indole (B. 12, 652, iqS?)* 

Potassium or barium hydroxide solution expels various quantities of K as NHa 
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(up to i) according to the kind of protein, and length of time of boiling (C. z867» 
385 ; 'TflUger*s Arch. 6, 600 ; Z. physiol, Chem. Ch. 29 , 5j). 

When boiled with hydrochloric acid, about hV of the N scj^arates as NHj, 
} to j as amino-acid, wmlst the rest is obtained as bases precipitated by phos- 
photungstic acid (Z. physiol. Ch. 21 ,105 ; 29 , 47). 

Nitrous acid drives out about Vc o^ the protein nitrogen as gas (B. 29 , 1354 )* 
Thus the large quantities of amino-acids formed by hydrochloric acid are not 
previously formed, but are pioduccd by hydrolytic decomposition, especially the 
NHs-groups. 

Since pepsin digestion constitutes a mild form of hydrolysis, the proteins 
acted on by this reagent yield i of their nitrogen as when treated with nitrous 
acid, but give no nitroso-rcaction—the :NH group is absent. Protein thus 
digested and treate<l uitli nitrous acid yields aminocaproic acid when boiled with 
dilute sulphuric acid, whereby the amino-group can only be called intn being by 
the hydrolysis (J. pr. Ch. [2] 31 , 134, 142). 

Since glutin-peptone is a decomposition product of protein in which the 
nitrogen occurs in primary, secondary, and tertiary combination (B. 29 , 1084), 
the above disuus^jcd facts hold good tor protein also. When it has been shown 
that the NHs-group occurs only in small numbers in the protein molecule, the 
larger part of tlic nitrogen must occur in secondary and tertiary form. The latter, 
in particular, must unite together the groups of atoms from which hydrolysis 
produces ammo acids. 

The sulpliiir present in proteins can be separated up to about one-half as 
potassium su ipliide, by boiling with alkalis in absence of oxygen ; whilst the other 
half can be found as sulphuric acid when the substance is fused with sodium 
nitrate and hydroxide, but it is uncertain whether oxidation has taken place 
(Z. plr> siol. Chem. 25 ,16), Probably the main portion of the sulphur is cont^ned 
in j)r(>teius as an atomic complex of cystine (p. 667). 

Oxyt'cn is found in the decomposition producte other than that in the phenol- 
hydroxyl of tyrosine, and the alcoholic hydroxyl in serine and hyclvoxyprolinc 
(p. <-77), mainly in the carboxyl groups of the amino acids. Therefore, in the 

protein it must exist as COOH, CONHi and or 

Moreover, protein is found united with sugar (or hexosamine, such as dexiros- 
amine), p. 6jO, forming glucoproteins. If the sugar is split off liy the action of 
acids, the protein is obtained with all its characteristic properties (Pfluger*s Arch. 
65 , 2H1 ; C 1899, I. 687 ; comp. B. 34 , 3241). 

It is so far quite unknown how the larger groups of atoms which are found 
as decomi*osiUon bodies, arc arranged in space in the protein molecult'. 

The phvbiological significance of the proteins lies mainly in the fact that they 
supply the material from which cell-substance is built. Here the protein 
is soiii'diuics, perhaps always, in chemical combination w'lth other inorganic and 
organic molecules. 

It IS also remarkable that protein is the only substance which, with waten«nd 
salt alone, an<l without fat and carbohydrates, can preserve animal‘life ; it can 
only partially be replaced by fats and carbohydrates. However copious may be 
the supply of food, it will not preserve life if it docs not contain a certain quantity 
of proteip substances. The energy of an animal increases with the content of 
protein in a mixed diet. 

Like the fats and carbohydrates, ordinary protein is quite indifferent to 
atmospheric oxygen, in the absence of ferments. Since the intensity of oxidation 
exerted by the living organism, i.e., by the cell-substance, is quite independent of 
the fat and carbohydrate content but very dependent on the nitrogen content, 
the conclusion has been drawn that protein changes its composition on becoming 
a constituent of cell-matter, and becomes " active " to oxygen, comparably to 
yellow phosphorus among the inorganic substances. In other words, there is a 
vast difference betwrecn dead and living proteins {Pflugtr, arch. 6, 43 ; 10 , 251, 
641: 11, 222; 12,282,333; 14,1,630: 18,247; 19,166; 51,229,317; 62 , 
I, 239 : 54 , 333; 77 , 425). 

Finally, protein esteblishes its peculiar position in animal metabolism by the 
fact, that in the npurishment of the living animal the protein is first and com¬ 
pletely oxidized, and that the fat and carbohydrate are only attacked when the 
quantit^^'^rotein matter is not sufficient. Thus, the protein metabolism increases 
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within definite limits proportionally to its supply and quite independently of the 
supply of fat and car1y»hydrate; an increase in fat and carbohydrate has no 
deep influence sn the former [FJluger^ etc.)* 

The nitrogenous derivatives of protein, which are eliminated in the urine, 
cannot in general be obtained artificially. The living organism converts piotdn 
by oxidation and cleavage into ammonium salts, which become synthesized 
mainly in the liver, to urea, uric acid, and other amido-bodics. 

The proteins are usually insoluble in water. Their presence in 
the juices or fluids of the living organism is entirely due to the presence 
of salts and other substances which are still unknown. They are 
insoluble in alcohol and ether; most of them are precipitated on 
boiling in weak acetic acid solution, by acetic acid and potassium 
ferrocyanide, or acetic acid and so^um sulphate, and by certain 
mineral acids, as well as by salts of the heavy metals; also, by phos- 
photungstic acid, phosphomolybdic acid, potassium mercury iodide 
and potassium bismuth iodide, all in the presence of mineral acids ; 
further, by acetic and tannic or picric acids, trichloracetic acid, sulpho- 
salicylic acid, taurocholic acid, nucleic acid, and chondroi'tin-sulphuric 
acid ; finally, by alcohol in neutral or weakly acid solution. 

Many proteins are separated from solution by boiling, by alcohol, 
by mineral acids, etc : they are coagulated^ Their solubility is entirely 
changed. This is not the case with the so-callcd propeptones, which 
when precipitated by alcohol dissolve after the removal of the latter 
as readily in water as before the precipitation. 

* ReacHons.’r-M\ pioteins are coloured a violet-red, like tyrosine, when wanned 
witli a mercuric nitiatc solution containing a little nitrous acid (Millon’s reagent). 
Ayellow colour is produced when they arc digested with nitric acid, whicli becomes 
a golden yellow on neutralization with ammonia (Xanthoprote'in reaction). The 
proteins yield beautiful violet-coloured solutions when digested with fuming 
hydrochloric acid, i'otassiura hydroxide solution and copper sulphate also impart 
a red to vioh t coloration to piotein solutions {Biuret reaction) (B. 29 , 1354). 
On the addition of sugar and concentrated sulphuric acid they acquire a red 
coloration, which on exposure to the air becomes dark violet. If concentrated 
sulphuric acid be a^ded to the acetic acid solution of proteins they acquire a violet 
coloration and show a characteristic absorption hand in the spectrum. 

The manner of distinguishing and classifying the various proteins 
is "yet very uncertain. The original proteins, occurring in nature, - 
are albumin, globulin, casein, gluten pioteins, etc., whilst the secondary 
medications obtained from them through the agency of chemicals 
or ferments arc: acidalbumins, albuminates, coagulated albumins, 
fibrins, propeptones, peptones, etc. 

Many of these modificiilions result from the breaking-down of the molecule of 
the original protein. It is well worth noting in such instances that the decom¬ 
position product still maintains the essential character of the proteins just as the 
starch molecules yield molecules of dextrose, which, like the starch, continue as 
carbohydrates. The breaking-down of the original protein, in the reactions 
referred to, is proved by a fall in molecular weight. This has been partly 
determined by the method of Raoult (p. 16) and in part by testing the 
electric conductivity. The decomposition is also evidenced by the fact that the 
proportion of the carbon to the nitrogen in the decomposition product frequently 
varies from that in the other decomposition product, just as much as it varies 
between these substances in the parent body (Schmiedeberg, Arch. exp. Path. 89 ). 
This decomposition of the prot^ molecule is a hydrolytic decomposition. Sm 
P roteins, p. 60 (>« 
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In a certain number of secondary prot^ modifications ammonia, sulphur, and 
amldd^acids, like leucine and tyrosine, etc., have been spl^t ofi, without the loss of 
the essential character of the protdhi. • « 

Of pre-eminent importance is the fact that the organs of the living animal body 
have the power of synthesizing the original prot^ from the products with lower 
molecular weights. This is certainly Similar to the formation of glycogen (p. 662) 
—animal starch, from dextrose, in the liver. 

1. Albumins, sohdble in water, dilute acids and alkalis, dilute and saturated 
solutions of sodium chloride or magnesium sulphate. In the presence of acetic 
acid the albumins are completely precipitated by saturation with sodium chloride, 
magnesium or ammonium sulphate. When heated with sodium hydroxide 
solution there is produced the sodium salt of the water-insoluble protatbic acid, 
and the water-soluble lysalbic acid (B. 86, 2195). When heated in presence of 
neutral salts, ^e albumins, including serum-, egg-, and lact-albumin, are 
coagulated. 

2. Globulins, insoluble in water, but soluble in dilute solutions of sodium 
chloride and magnesium sulphate. These solutions are coagulated on boiling, and 
by saturated solutions of ammonium or magnesium sulphates at 30", which pre¬ 
cipitate them without any alteration in properties. This class contains; myosin 
and museulin (muscles), fibrinogen (in the living blqgd converted to fibrin 
by the fibrin ferment); fibrln-globulln ; serum-globulin; erystal-lens globulin 
and Titellin; also the proteins of the seeds of plants, especially edostln, which 
forms a crystalline calcium and magnesium salt, and which has been more 
thoroughly examined. 

3. The Gluten Proteins are characterized by their physical properties. In 
the hydrous state they are pasty, elastic masses. They only occur in wheat flour, 
where they constitute the chief essential for bread-making. Gluten is insoluble 
in water, and sparingly soluble in water containing a very little dilute acid or 
alkali. Its solubility in alcohol (60-70 volume per cent.) is very characteristic. 
Some gluten proteins when decomposed yield large quantities of glutaminic acid. 
Thus, RUthausen obtained not less than 25 per cent, of glutaminic acid from 
mueedin (see Ritthausen, etc., p. 222). Possibly the liver-proteins are protons 
modified by ferments. 

4. Aeld Albumins or Syntonlns are insoluble in water and salts, soluble in 
hydrochloric acid or a soda solution, do not expel carbon dioxide from calcium 
carbonate, and are precipitated in acid solution by neutral metallic salts of the 
alkalis and alkali earths. Alkali hydroxide converts them into albuminate. 
The acid albumins are produced on treating the albumins, globulins, etc., with 
hydochloric acid, or with other acids (B. 28 , R. d 5 ^)> 

5. Albuminates, insoluble in water and salts, readily soli^ble in dilute acids 
(but precipitated by an excess) and a soda solution, expel carbon dioxide from 
calcium carbonate. They can be precipitated without alteration from acid, as 
well as alkaline, solutions by saturation with solutions of neutral salts of the 
^kalis and alkali earths. The albuminates are produced when albumin, 
globulin, etc., are treated with alkali hydroxide (see above, Protalbic and Lysalbic 
acids). They cannot be changed by mineral acids into acid albumins, and the 
compound from acid albumin and allmli is not an alkali albuminate. The m^ifica- 
tions produced by treatment with mineral acids and alkalis are quite difierent 
bodies. 

6. Gongttlated Albumins.—They are insoluble in water and salt solutions, 
and scarcely soluble in dilute acids. They are obtained by heating other albumins, 
or by the addition of alcohol, certain mineral acids and mptallic s^ts. 

7. Fibrins, insoluble in water, scarcely soluble in ^dium chloride solution, and 
in other salts, or in dilute acids, formed from globulin by a ferment [thrombin) in 
discharged blood. The process of blood coagulation is expressed according to the 
investigations of Schmiedeberg (Arch. exp. Path. 81,8) by the following equation : 


(CmH mN»oSO jg)g-4-H jO C, Q g 

Flbnnogen, 


HittNggSOg4-l-C,igHi,gNggSOg, 
Fibrin. Fibrinoglobulm. 


8. Fropsptones or Albumoses (B. 29 , R. 518). Enzymes of the gastric and 
pancreatic iuices produce modifications of the protdkis by hydrolytic digestion, 
whereby the protc^ passes through a series of changes—^from the water-insoluble 
conditieC^that solnble in water containing neutral salts or even in pure watei; 
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bat still precipitated by nitric or acetic acids and potassium feirocymnide, and 
finally not even by thesf. The albumoses cannot be separated from the mixture 
either by ncutmlization or by •boiling, but are completely precipitated by a 
saturated solution of ammonium sulphate containing a little acetic acid. The 
following is notlworthy:— 

** The albumoses cannot be coagulated either by boiling their neutral or acidi¬ 
fied aqueous solutions, nor by the prolonged action of alcohol upon them, although 
they are insoluble in strong alcohol, and are precipitated by the latter." * 
Prolonged digestion converts them finally into— 

9. Peptones, which are perfectly soluble in water, acids, alkalis and salts 
of the light metals. They cannot be separated from their solutions either by heat, 
nitric acid, by acetic acid and potassium of ferrocyanide, or by ammonium 
sulphate. Phosphotungstic acid precipitates the peptones in the presence of 
hydrochloHC acid; mercuric chloride, basic lead acetate, alcohol, etc., incompletely. 

Proteins, when acted on by pepsin and dilute hydrochloric acid at 30-40^, 
are dissolved, completely digested, and at first are converted into syntonins 
or acid albumins, then into albumoses or propeptones, and finally into 
peptones, which dissolve readily in water, are not coagulated by heat, and are 
not precipitated by most reagents (B. 16 , 1152 ; 17 , R. 79). For the molecular 
weight and constitiiti<|p of the peptones consult B. 25 , R. 643 ; 26 , R. 22. The 
lowering of molecular weight of the protein molecule by digestion, indicates that 
it has been broken down. That hydrolysis has taken place is most clearly shown 
by the action of nitrous acid which evolves much less nitrogen from prot. ins than 
from the albumoses or peptones; and also by obtaining by boiling with acids 
without ferments, or by merely heating in presence of water, the same bodies as 
by digestion (see p. 6(^7). Further, the pancreatic enzyme and the ferments of 
putrescence also produce true peptones from proteins. The gastric enzyme does 
not act in neutral solution, contrary to that of the pancreas, which not only 
converts proteins to peptones (like the gastric ferment) but also splits them into 
amino acids and bases (Hedin, Duhois-Reymond*s Arch. 1891, 273 ; Kutscher, 
Z. physiol. Ch, 25 , 193 ; Kossel, Z. physiol. Ch. 25 , 194)- It is therefore note¬ 
worthy. that in the case of carnivors, at any rate, the purely meat portion of the 
food is only dissolved m the stomach (Pfluger’s Arch. 77 , 435). 

The artificially synthesised dt~ and polypeptides which have already been dis¬ 
cussed (pp. 390, 54^, 335) resemble the peptones, in that many of them are 
broken down by pancreatic juice to the simpler amino-acids, as happens with 
the peptones themselves. 

There exists a whole series of bodies more or less closely connected with the 
proteins. Some are even more complicated than the proteins themselves because 
they are compounds^of them; others possess the characteristics of the more or 
less decomposed protein molecule. 


• A. GLUCOPROTEINS 

Thesf bodies yield proteins and sugar or aminocarbohydrates when boiled 
with mineral acids (Eichwald, A. 184 ; Pavy, The Physiology of the Carbohydrates, 
tr. into German by K. Grubc, 1895, Hofmeister, Z. physiol. Ch. 24 , 169 ; Muller 
and J. SeemanUj Deutsche med. Wochenschr., 1899, m. 15; SeeiHann, Arch. J. 
Verdauungskrankheiten, IV. 1898). - 

They are sub-divided into— 

(l) The glucoproleins, which almost completely resemble the true sugar-free 
proteins in elementary compo-sition and in all reactions, and which includes 
ovalbumin of birds* eggs {Hofmeister, Z. physiol. Ch. 2 ^ 169). This group is not 
absolutely established, partly because of the impurity of the parent substances, 
and becausda solution of the ovalbumin can be crystallized out from the dextrose 
compound (ovomucoid); partly because such trustworthy chemists as K, Momer 
or Spenser could not obtain a sugar from purified ovalbumin ; and partly because 
the glucoprotcins almost completely resemble the sugar-free proteins in elementary 
composition and all other reactions. 


• Lehrbuch der phys. Chemie Von R. Ncumeister, S. 229 (1897), 
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(2) The MiAcins are poorer in carbon and particularly in nitrogen, and are 
richer in oxygen than the glucoproteins, probably on account of their larger sugar 
content. They are not coagulated when boiledc in neutral or weakly alkaline 
solution ; nor by acetic acid and potassium ferrocyanide in prefence of sodium 
chloride; but are precipitated by an excess of acetic acid.* Tghey form ropy 
solutions. 

(3) The chondfogliMopfoteins are compounds of protein or gum with chondroitin 
sulphuric acid (p. 673). 

(4) The Mucoids, Mucinogens and Hyalogens include a large number of sub¬ 
stances which belong to this section, such as ovomucoid, pseudomucin of the 
ovarial cysts, etc., but which have only been investigated to a small extent. 


B. PHOSPHORPROTEINS 

These bodies consist of proteins with which pho£>phoric acid is combined in a 
peculiar manner. 

(1) The Xticleins. When various cell-substances are dissolved with gastric 

juice there remains behind the insoluble cell nucleus (M^ischer, Hoppe-Seyler*s 
Med.-chem. Unlersuchung, p. 451). This is nuclein, which can be purified by 
solution in dilute alkalis, precipitation with dilute acids and final washing with 
alcohol and ether. Boiling mineral acids or alkalis split the nucleins into albumin 
and vvrleinic aetd. This is further decomposed when boiled with mineral acids 
into phosphoric acid, uracil bodies (see uracil, crytosinc, thymine, p. 574), purine 
bases (sec xanthine, guanine, adenine, hypoxanthine, p. 587), and other bases 
not clearly recognized. According to Liebermann, nuclein contains metaphos- 
phoric acid (B. 21 , T02). Some nucleins yield carbohydrates on decomposition, 
!»nch as hcxoscs and pentoses (comp. 1 -Xylose, p. 6ig). (See constitution of 
thymus nucleic acid, B. 41 ,1905.) Nucleic acid and albumin in acid solution give 
a precipitate, which is included among the nucleins (Z. physiol. CH. 22 , 80). * 

(2) Paror and pseudo-nucleins arc differentiated by their yielding albumin and 
phosphoric acid, but no purine bases when boiled with mineral acids. They can 
l>e artificially prepared by the action of metapho.sphoric acid on albumin {Pfluger^s 
Arch. 47 , 155 ; B. 21 , 598). The proteins remaining inboluble after the action of 
pepsin on paranuclcins, arc known as nucleo-albumins, to which class milk-casein 
belongs. 

Casein is dissolved in milk in the form of a salt containing the percentage 
composition of a protein with 0*85 per cent, of phosphorus. It is precipitated 
by dilute acids, as it is insoluble m water. Solution in alkaiis and precipitation 
by acids is employed for its purification. Sodium chloride or magnesium sulphate 
precipitates it from its solution without change, and it can be purified by a repeti¬ 
tion of this process. Decomposition of casein with concentrated hydrochloric 
acid leads to the formation of all the hydrolytic decomposition products refewed 
to on p. 677, together with diamino-lrihydroxy-dodecanoio aetd (£. S^ischer, l.c. 
p. 736). Foi chlorocasein and its decomposition product, see C. 1901, II. 690). 

A solution of the alkali or calcium salt of casein does not coagulate when 
heated 

A calcium-frcc solution of casein is not coagulated by rennet, but coagulation 
occurs on the addition of a calcium salt, even after the rennet hefe been rendered 
inactive by boiling. Rennet probably causes a decomposition of the casein into 
protein which is precipitated (paracasein) and a soluble protein (milk albumin). 

The paranuch in which is left behind after the action of gastric juice on casein 
is finally completely dissolved {Salkowsky, Pfluger^s Arch. 60 ,225). 

That portion of the casein molecule with which the phosphoric is combined 
is attacked only \yith difficulty during hydrolytic decomposition; sb that at a 
certain period during reaction, this behaves as a paranuclcin, and would be called 
a true nuclein if it also contained xanthine bases. 

The following class of substances have much in common, though 
to a diminished extent, with the decomposition products of the 
proteins 
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C. GELATIN (pERTVATIVES OF INTERCELLULAR MATERIALS) 

Certain kilrogrnous animal tissues, when boiled with water yield* 
glutins, andlform the major portions of the intercellular substances— 
they are true collagens. 

That they are formed from albumin is shown by their absence 
in birds' eggs before incubation, and their first appearance in the 
embryo ; also, by the young of herbivorous animals which take only 
milk (which contains no gelatin), still continuously producing large 
quantities of collagen tissue. 

GIutRl, Gelatin, Bone Glue, swells in cold water, and dissolves on boiling to 
a sticky liquid, which gelatinises again on cooling. Concentrated acetic a<..id or 
boiling dilute sulphuric acid destroys this power of setting (fluid ghee). 

Gelatin has approximately the elementary composition of the proteins, except 
tba^ it contains less sulphur. It rotates the plane of polarization to the left. 
Solutions of gelatin are precipitated by acetic acid and sodium chloride or 
potassium ferrocyanido (excess ot the latter, however, redissolves it), also by 
mercuric chloride and hydrocliloiic acid or sodium chloride, by metaphosphoric 
or phosphotungstic acid and hydrochloric acid, or potassium mercury iodide and 
hydrochloric acid, or by saturation with ammonium sulphate. 

Tannic acid precipitates gelatin tannate as a yellow sticky precipitate. It 
also combines with substances which yield gelatin, and forms leather. Gelatin 
solutions give the Millovt and biuret reaction ; also a feeble xanthoprotein colour. 

Dry distillation of gelatin gives rise to the formation of pyrrole and pyridine 
bases (bone oil). Oxidation with permanganate produces oxamide (which also 
results from other protans) and guanidine (from arginine, p. 667); and, with 
acid hydrogen peroxide, acetone and isovaleraldchyde (probably from leucine) 
(C. 1902,11.54fj) 

When gelatin is boiled with concentrated hydrochloric acid the same decom¬ 
position products arc obtained as from albumin—glycocoll (about 16*5 per cent.) 
leucin#', prohric, oxyproUne, aho serine, aspartic acid, glutamliiic gicid, alanine, 
phenylalanine, arginine, etc. (B. Ftsvher, l.c. pp. 671, f*So, 739), but no tyrosine and 
tryptophane, and in the case of putrescence, no t\TOsinr, indole and skatole. 

• Gentle action of hydrochloiin acid produces the alcohol-soluble giutin^peptone 
hydrochloride. The action of nitrous acid on the gluiin peptone shows that it 
contains primary and secondary, as well as tertiary amino groujps (B. 20, 1084), 
Longer action of approximately a 12 per cent, hydrochloric acid solution gives 
rise to glutokyrtne (a glutin peptone), which appears to be formed, together with 
glutaminic acid and glycocoll, from arginine and lysine (C. 1903, 1 .1144). Tryptic 
digestion of gelatin produces a dipeptide anhydride prolyl glycine anhydride 
(P« 54 ^) (comp. 13 . 40 , 354.$). 

Although gelatin is very similar to albumin in its composition, it cannot 
replace it in animal met?b( 'isni. 

Ac^rding to the substitution of calcium and magnesium salts, fat, etc., into 
those tissues which can supply gelatin, bone-fat and cartilage result. 

** The cartilagc-gelatin, or chondrin of some authors, obtained by boiling 
ordinary cartilage, consists of a mixture of gelatin, and certain compounds of 
chondroltin sulphuric acid with grlitin- or protrln-liice substances on the one 
hand and alkalison the ether *’ (S^'h^niedeberg, Arch, exp. Pathol, u. Pliarmakol. 
28 ; Momer, see p. O55, lootoote; Hammarsten, p. 323). 

ChondroUin Sulphuric Acid is, in its stru*'tural details, a still unelucidated 
condensation product of sulphuric acid, acetic acid, and a x>clysaccharide amide 
or its coTsesponding acid (A. 351 , 344). An arti^'^ial mixture of gelatin and 
chondroltin sulphuric acid salts give the reaction of chondrin. Amyloid, whi< 4 i 
appears pathologically in concentrically arranged layers of grains, and in 
arterial walls, belongs to tlie chondroprotdtns, and als»o contains chondroltiii 
sulphuric acid. 

Chltin is the chief compound of the shells of crabs, lobster^, and other arti¬ 
culates. Krawkow (Z. f. Biol. 20 , X77) considers that the chitin in diells ii com¬ 
bined with a proteln-like su^tance, and occurs in various modifications^ It is 
TOL. 1 . . ax.. 
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noteworthy that hero also th<* nitrogen is contained as dcxtrosamine (p. 636), since 
the clfavaj^c of chitin by hydrochloric acid yields dcxtic*-.aniinc and acetic acid 
{Ledderhose, Z. physiol. Ch. 2 , 224). In that the equation should hold 
(Sekmiedeberg, etc.): ' ^ ^ 

Ci,H,oN,OM+4H,0 * 2C,Hjfe.+3CHaCOaH, 

Cbitin. DexttoUfbie. Acetic AciiL 

When chitin is fused with potassium hy(lf6xide at 184" it is converted into 
acetic acid and chitosan, which, when heated with hydrochloric acid is split up 
into acetic acid and dextro- amine (B, 28 , 32). The stiffening material of fungi is 
probably identical with chitin, so that the mycosiiit obtained from it by potassium 
hydroxide is identical with chitosan (B. 28 , 821, K. 476 ; C. 190S, II. 2016). 

Elastin differs from albumin by its low sulphur content, and by its hydrolysis 
to glycocoll (25*75 per cent.) leucine (21*38 per cent.), alanine, phen^ alanine, 
valino, prolinc and glutaminic acid (C. 1904, I. 1364). Keratin, the main com¬ 
ponent of hair, n.iils, etc., possesses a very variable and sometimes particularly 
high sulphur content (0*7 to 5 per cent.) ( 13 . 28 , R. 561); but in spite of this, its 
percentagt* composition is close to that of ihi proteins. Keratin yields almost the 
same products as albumin, viz., leucine, tyrosin*' and seiine (B. 35 ,2660). Elastin 
and Kcfiitiyi are more difficultly soluble and dccompQS|Jal#than the true protein 
substances. Elastin is digested by pepsin and tryptfiWTbut not keratin. Partial 
hydrolysis of elastin gives rise to several di^l^tides— d~alanyl l~lei 4 cine, glycyl 
valyl anhydride, d-alanyl prolyl anhydride (B. 40 , 3544). 

Fibroin is the chief substance in silk which also contains silk glue; this is de¬ 
composed mainly into serine (p. 54<>). When left in solution in contact with cold 
concentrated hydrochloric acid it is converted into a peptone-like body, from 
which trypsin only produces tyrosine. The remaining peptone-like body is de¬ 
composed by acids or alkalis into glycocoll and d-alamne, or glycyl ^-alanine (Ch. 
Ztg. 1902, 940), Also, a tetrapeptxde, made up of glycocoll, alanine and tyrosine 
has been isolated by partial hydrolysis of silk-fibroin (J 3 . 40 , 3552). 

Protamines, discovered \>y Meischer (Arbeiten, Leipzig, 1897) are obtained by 
t realment of fish-sperm with mineral acids. Hydrolytic decomposition and action 
ot trypsin produce lysine, arginine and histidine (Kossel, Z. physiol. Ch. 25 ,165 ; 
II. S 4 , 3233; C. 1905, I. 1721). The protamines are free from sulphur and 
phosphorus, and react with the biuret test, but do not give Millon's reaction. 

Hoemoglobln occupies a position in physiology of the highest importance, and 
has been minutely studied chemically. In connection with this chlorophyll will 
be discussed, whilst the related gall-dyes will be found in the section biliary 
sttbsiances. 


D. HAEMOGLOBINS 

The oxyhemoglobins are found in the arterial blood of animals and ma^ be 
obtained in crystalline form by the addition of alcohol to an aqueou^ solution of 
blood corpuscles, after cholesterol and lecithin have been removed by shaking 
out with ether. The different oxyhemoglobins, isolated from the blood cf various 
animals.rxhibit some variations, especially in crystalline form. Their elcxnentary 
composition approximates very closely to that of albumin. It differs, however, 
by an iron content of 0*4 per cent. If the molecular weight of ha>moglobin be cal¬ 
culated in the supposition that it contains an atom of iron, the value obtained 
exceeds 13,000. The haemoglobins are bright red, crystalline powders, very soluble 
in cold water, and are precipitated in crystalline form by alcohol. V^en the 
aqueous solution of oxyhxmoglobin is placed under reduced pressure or when it 
is exposed to the agency of r^ucing agents (ammonium sulphide) it parts with 
oxygen and becomes hemoglobin. The latter is also present in veno]is blood, and 
may be separated out in a crystalline form (B. 19 , 128). Its aqueous solution 
absorbs oxygen very rapidly from the air, and reverts again to oxyhaemoglobin. 
^th bodies in aqueous solution exhibit characteristic absorption spectra, whereby 
they may be easily distinguished. 

If carbon monoxide be conducted into the oxyhaemoglobin solution, oxygen 
is alsct,displaced and hsemoglobin-carbon monoxide formed, which can be ob^ned 
in largv'''<rystals with a bluish colour. This explains the poisonous action of 
carbon monoxide* 
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The bluish-red solution of carbon monoxide in hsemoglobin, like oxyhemo¬ 
globin, shows two Ghva-cteristic absoiption bands between the Fraunhofer lines 
L> and E, which do not disappear cm the addition of ammonium sulphide (methods 
of diffcrcntiallon from oxyhaSD^globin). Oxygen-free haemoglobin shows one 
absorption bald between D ^nj|£. =CO and O, enter into combination in equal 
volumes; it is,• therefore, non^question of molecular attraction, but actual 

atomic union; Hb^eCOandHbeV- These compounds are partially dissociated 

above o**. Equivalent quantities of other gases, such as NO4, HNC, are absorbed 
by haemoglobin. Hzematochromogea (below) also absorbs one equivalent of CO. 

At 70®, or by the action of acid or alkalis, oxyhaemoglobin is split up into 
a protein such as glohin (hydrolysis, see E, Fischer, l.c. 695, 740), differing 
for each^animal, fatty acids and the colouring matter hamatochromogen; the 
latter subsl:iiirc, in contact with free ox^’-gon passes into haematin. It contains 
i» per cent, of iron, and corresponds with the formula i^oppe* 

Seyler), C3,rT3,N4Fe04 {Nencki and Sieber) or Ca*Ha4N4FOj (Hufner And Kiistery 
If one drop of glacial acetic acid and very little sodium chloride be added to 
oxyhaemoglobin (or dri^'d blood), microscopic reddish-brown crystals of katnin or 
hamatin chloride, C34Ha3N404FeCl (?) are formed (B. 29 , 2877 ; 40 ,2021 ; A. 358 , 
213), from which alk^ia precipitate Atswiu/in, Ca4Ha3N402Fe0H. The formation 
of these crystals serves as a delicate test for the detection of blood. The structural 
formula of haematin appears to ])e near its elucid.ition. 

Oxidation with potassium bichromate breaks haematin down into the imide 

CHjCV-CO 

of the tribasic hamatic acid, || yNH, m.p. 114^, which yields 

HOOC.CHjCHj.C—CO'^ 

the corresponding anhydride acid, C4H7(C0gII)(C0)20, m.p. 97® when treated 
with alkalis. When heated above 120® it loses COo and passes into the imide of 
the dibasic methyl ethyl maleic acid (comp. p. 519). 

, When hastuatin is treated with hydrobromic acid it loses iron and is converted 
into hcematoporphyrin, C84H3gN404. Gentle action of hydriodic acid and phos- 
phonium iodide produces mesopotphyrin, Ca4H„N404; more energetic treatment 
gives rise to an oxygen-free, volatile, easily altered oil. htrmopyrtole.C^^^. It 
i.s probably an alkylated (methyl propyl?) pyrrole (Vol. II,), the more probably 
since the breaking lown of haematin (see above) by oxidation, gives rise to alkyl¬ 
ated makic acid (B. 34 ,997 ; C. 1906, 1 . 1026). 


. CHLOROPHYLL 

Under this heading are collected those vegetable colouring matters which occur 
in all the green portions of plants, and which play a r 61 c of the highest importance 
in physiological development in the vegetable, and therefore indirectly animal, . 
kingdoms. 

It is rerfiarkable that chlorophyll, the green vegetable colouring matter, and 
haemin,4he colour in red blood, appear to be closely connected (p. 676). What 
iron is <b hsmin, magnesium is to chlorophyll (Willstatter). 

Amorphous chlorophyll is obtained by extracting the fresh or dried green parts 
of plants with alcohol, and the liquid thus formed is purified by shaking out with 
benzene or carbon disulphide and water. Purified chlorophyll is an amorphous 
green mass, still probably consisting of a mixture of substances, the ash of which 
consists of magnesia. Magnesium in the chlorophyll can be abstracted by dilute 
acids, and neutral ash-free substances result—chlorophvllan, phaeophvtin, phyl- 
logen, etc. (comp. A. 354 , 207 ; B. 41 , 1352 ; C. 190S, II. 952). These seem 
to be parti^ly of ester-like character, since hydrolj^sis with alcoholic potassium 
hydroxide liberates an alcohol phytol, C,oH4oO, 145“, Dj® =0*852, whilst 

the acid portion consists of a mixture of substances, phytochlorine and phytorhodin 
(WillsidUer), 

Alkalis are not able to separate the magnesium even at 200*, but rather con¬ 
vert the chlorophyll into other substances containing magnesium, such as rhodo* 
phyllin, etc. (A. 358 , 205), from which dilute acids again produce ash-free bodies. 

A ^f™^!*** treatment converts chlorophyll into phylloporphytin, which is closely 
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similaP'to mesoporphyrin and hsematoporph}^!! (p. 675), as shown by its formulu* 
Ca4Ha,N40, (?), its chemical reactions—it yields a pyrrojle derivative, similar to 
hxmopyrroU—and its absorption spectrum and MarchJewski, A. 290 . 

306 ; B. 29 , 2877 ; 84 ,1687 ; 41 , 847). f 

The chemical relationship between hxmoglobin and chloropl^ll indicates an 
analogous physiological activity; haemoglobin takes up the oxygen from the air 
breathed into the lungs and gives it up to those organs of the body which require 
it, whilst chlorophyll abstracts oxygen from carbon dioxide and water and gives 
it up for the use of the animals. 

Since the lower fungi which contain no chlorophyll are able to build up carbo¬ 
hydrates. fats, and proteins from many different bodies containing the groups 
CH j and CHOH. thcro can be no doubt this synthesis is carried out by the living 
cell-substance to which the required atomic groups arc delivered by reduction in 
the green parts of t tv plant (private information from E. PJfu’ger). ^ 

Cfystallixed chlorophyll, C4,H4aO,N4Mg (?) and its reaction products, see A. 
868 , 267 : C. TQoS, 11 . 715). 

Carotin and Xanthophyll are red and yellow colouring matters which occur 
with chlorophyll in leaves, and give rise to the autumn colours. 

Carotin, m.p. ib8°. is also obtained from carrots (Daucus carota)l 

it forms red cry.stals. 

Xanthophyll, m.p. 172®. foims yellow crystals. It is characterized 

by its beautiful iodine (addition products ; it absorbs oxygen energetically, and 
may be of significance in connection with the oxygen-breathing of plants as chloro¬ 
phyll is for the CO^ breathing (A. 355 ,1). 


E, BILIARY SUBSTANCES 

In the bile, the liquid secretion of the liver which assists in the emulsifying 
and absorption ot fats, there exist a connected series of peculiar acids in the form 
of their sodium salts. The best known are glycockolic acid and iqurocholic €icid • 
also lecithin (p. 5^1), cholesterol, and some bile pigments. 

Biliriibin, Bilift 4 scin, Btliprasin, C3,H,4N404 (?), is closely connected with the 
blood pigment. When oxidized with chromic acid it yields biliverdic acid, identical 
with heeinatic acid (p. 673) (B. 35 ,126S ; C. 1903, 1 . 1253, 1906, 1 . 1498). 

Cholalle Acid, Ckolic Actd, m.p. anhydrous 195® (B. 27 , 1339; 28 , R. 233; 
29 , R. 142), is obtained together with glycocoll when glycocholic acid is brqken 
down, and with tanrin when taurocholic is similarly acted on. It is a mono-basic 
acid. Glycocholic and taurocholic acids occur as sodium salts in bile. In the 
preparation of cholalic acid, cholefnic acid, amX fellic acid, are 

also formed. Iodine produces a blue compound similar to* that between iodine 
and starch (B. 28 , 785, R. 720). On the oxydation of cholic acid, see B. 32 , 683. 

Glycocholic Acid, C,4H3,04.NHCH jCO,H, m.p. 133", decomposes into cholalic 
acid and ‘dycocoll (p. 385) when boiled with aqueous alknli hydroxides. 

Taurocholic Acid, C14H33O4.NH.CH3CH3SOSH (TavpoT = ox, x^A.^B=biie) is 
easily soluble in water and alcohol, and is decomposed when boile'd with water 
into cholalic acid and taurine (p. 326). t 

Cholesterol, 037114,OH, m.p. 148®, b.p. about 360°, [a]D=3“3i'i2® (in ether) 
occurs, partly free and partly as an ester with the higher fatty acids, in many 
parts of the animal organism, not only in the bile (xoAiJ ==bil9, ffT^ttp=«tallow), 
but also in gall-stonc.s, which contain 90 per cent, cholesterol, in the brain, blood, 
egg-yolk, wool-fats, etc. 

In the intestine cholesterol is reduced to coprosterol, C,7H470H (?), m.p. 96*; 
a dextro-rotatory saturated alcohol (B. 29 , 476; C. 1908, II. 1279, 1500), 
Cholesterol protf'cts the red blood corpuscles from haemolysis by certain toxins; 
it acts, therefore, against invading poisons (C. 1905, 1 .1265 ; B. 42 , 238). 

Cholesterol is insoluble in water, but soluble in most organic ^Ivents. It 
crystallizes from alcohol in mother-of-pearl leaflets or tables possessing a fatty * 
feel, and containing one molecule of water; from ether it forms anhydrous 
needles. It is a secondary olefine alcohol, it takes up HCl, bromine {dihromida, 
CtjHf.BfiOH, m.p. 125°, serves to characterize it), and hydrogen (dihydrockiAes* 
<srof,^7H470H, m.p. 142®, B. 41 ,2199). 

CW^^aryl Chloride, €37114301, m.p. 96®, is formed from cholesterol and 
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thionyl chloride; sodfiim and amyl alcohol reduce it to cholestene^ C|yH4«. 
m.p. 90^ (B. 27 , R. 301). The esters of cholesterol were the first discovered 
substances fould to possess a crystalline fluid condition (p. 46). 

When heat^ to sio** cholesterol is partly converted into the (stereo- ?) isomeric 
fi-ckoksterol, m.p. ibo^, which can also be formed by reduction of chokstenone, 
CB7H44O, the ketone corresponding with cholesterol. It can be reconverted into 
the ordinary form of cholesterol through the benzoate (B. 41 ,160). 

Cholesterol contains only one olefine bond, and, as is shown by its C: H ratio, 
a carbon ring; and is connected with the terpenes (Vol. 11 .). Its structure has 
been partially elucidated by an examination of its oxidation products {Mauthneft 
Suida, Diels, Abderhalden, Windaus ; B. 41 , 2558, 2596), Without examining 
the matter in detail, it suffices to give the following provisional formula 9-*- 


CH.— 

CHOH--CH, 


According to this, chlolesterol is a polycyclic, secondary ring alcohol, with 
several side chains, among which an isoamyl and a vinyl group are to be identified, 
the latter giving eas3Popportunity for further ring formation, similarly to what 
happens among the olefinic terpenes (Vol. 11 .). 

Cholic acid (p. 676) should be related to cholcbterol, but still more closely 
allied appears to be chenocholtc acid, C47H44O4, which occurs in the bile of geese 
(A. 142 ,185). 

The esters of cholesterol and isochoksterol, m.p. 138^, with the higher fatty acids 
are the constituents of lanohn or wool fai which is found on unclcaned sheep's wool, 
and is employed as an ointment, since it has the peculiarity ol being absorbed by 
the skin. 

In the mixture of soaps, resulting on saponification of lanolin, there have been 
isolated lanoctfic acid, Cs^HqiOi, m.p. 104 , lanopalmitic aetd, C|4H440g, m.p. 87^, 
myristic acid^p- 262) and carnaubic add, C44H44O4 (B. 29 ,2890). 

Cholestcrol-likc substances have been found in plants. Phylosierol, isomeric 
with cholesterol, occurs in seeds and plant-germs (B. 24 ,187). a- and B-Antyrin, 
from Ekmi resin (B. 24 , 3836), and lupeol (B. 24 , 2709) from the seed husks of 
Lupinus luieus are other examples. Hippoooprostcrol, or choriosierol, Cg^HiaOH, 
m.p. 79* (C. 1908, II. X277). 


F. UIJORGANIZED FERMENTS OR ENZYMES 

(Comp, p. 113.) 

The unorganized ferments, which play an important r 61 e in fermentation, 
many putrcscing processes, and digestion, are produced from animal and vegetable 
celft. The^ are of unknown structure, soluble in water, and lose their activity ' 
on being boiled. Their influence is mainly hydrolytic. It is striking that for 
the hydrolytic decomposition of different substances, almost always different 
cnzymds are required. Pepsin and trypsin hydrolyze proteins but not fats or 
starch; the diastatic ferment of saliva hydrolyzes starch, but has no action on 
fats. The con^guration of glucosides has a definite influence on the action of 
enzymes (B. 28 , 984, 1429). Vegetable enzymes are: invertin, diastase (p. 1x3), 
emulsin or synaptase in bitter almonds, papayotin, from the fruit of the paupaw 
{Ca/rica papaya), all producing far-reaching decomposition of proteins (B. 85 ,695). 

Nomenclature of enzymes (B. 36 , ^31). 

On the inclusion of zymase, the active ^'^rmentative principle in the juice 
expressed ffpm yeast, as an enzyme (see p. iia). 
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SUBSTANCES should also he sought in the more general paragraphs of the 
iffUrious sections and derivatives, also under the various compounds,^ 


Acsconitic Acid, 595 
Acediauiue, 262 
Acetaconitic Estf>r, 613 
Acetal, Acrolein, tia, 334 

Acetaldehyde, 30 63, 163, IM. 249, 256, 238, 
312, 318. 425. 631 ^ 

^ 37^ 

-1/1 uipljoiiic Acid, 210, d47 

-- llydrazone, 213 

'• S micaibazouc, 447 

-Substiluted, 801, 343 

Acetaldoxime, X52, 813. 283 
Acetal Malonic Acid, 402 
Acetal Malonic Esters, 561 
——. peroxide, 204 
Acetals. 193, 200, 804, 203, 34a 

-Glycol, 887, 338» 34^ 

Acetamide, 877 , 278 
Acotaiiiidine, 282 
Acetetliy)unii<]> , 27/ 

Aoelic Acid, 86% j /8, 34)6. 426 

- — Amino-diMivatjv<s, 382. 388. 380. 3Qo 

—— —— Derivative*^, 258, 260, 261, 384, 

388, 401, 374* 631 

■ ■ « ■' ■■■ Halogen Substitution Pio'lucts (>1, 

287 

■ — Isonitraminc, 397 

— -Sulphur Derivatives, 37O, 377- -Srr 

mtso Ibio-acuib 
-Anhydride, 878, 475 

— Ester, Idcthylamine. 387 

— —, Ethyl Sulplionic I'lhyl, 377 

— -Nilrourctbap^, 39b 

-Esters, 267 

———,Acyl and Alky 268, 401, 547. 5t8 

-Ether, 267 

Acetimido’Flhers, 281 
Acecimido-1 hio-ethers, aSs 
Acitins, 530 

Acetoacetic Acid, 218, 222, 410, 51* 

-Acyl, 546, 599 

-*- Alkyl, 250. 4*0. 43* 

Denvalivcb, 4x9, 421 

— Aldehyde, 343 

-Ester, 38,253.256.262 263, 267,296, 347. 

3501 370,372, 377» 380, 398, 411, 418. 418. 486, 
502, 504» 534. 536, 371, 472, 574. 5»i. 585, 599 

-Acetonyl, 351, 648 

--Acyl, 419. 4 * 5 . 545 . 547 . 548 . 599 

-- Alkyl and Alkylidene, 232, 254, 355, 

407, 419. 425, 519. 521, 544, 548. 568 

-Cyano^denvalives, 556, 57® 

-Derivatives, 353, 4x6, 447, 346, 536, 

569,609^655 ^ „ 

-Rlbers oK 418 

_ Halogen Substitution Compounds, 419, 

420 , 481 , 423 . 544.545 . . 

— — ■ ■■■ Homolcigues, 412; acid dccompoM* 

tion, 4x5: ketone decomposition, 4*51 
^composition, 4x6 

Hydroxy-derivatives, 374. 4*9. 545 


546. 598 


Sulphur Compounds, 343 


Acctoacrylic Acid, 423, 486 
Acetoamides and Denvattves, 277 
Acetoamylamide, 277 
Acctobenzalhydrazine, 278 
Acetobromamide, 277 
Acetobrouiarabiuosc. 6x8 
Aretobronicjgalactos<-, 635 
A( otobromodextruse, 634 
Ac< tobutyl Alcohol, 342 
Acetobutyric Acids, 342. 428 , 424 
Acetochlorarabitiose, 618 
Acetuchlorodextrose, 684 , 658 
Acetocblurogalaitose 686, 658 
Acetocilric bst« r, 611 

- — l>ri\Jtivos, 419, 548 
Aoi'toethylidine Propionate, ao7 
AccloRlutarir lister 570 
Aci togu.iiiaiiiirif, 474 
Aeetohydra/ide, 278 
Acetohydroxaimc Acid, 151, 888 
. Derivatives, 284 

Acetohydroximir Acid Chloriilu, 283 
Acetohydruxyaiuido-uxime, 284 
Acetom, 341 
Acetolavulinic Acid, 423 
Acetol Ether, 341, 841 , 527 

-Formate, 341 

Acetomalonic Monoester Anilide, 564 
Acetone, 63, 89, 90, 888, 257, 3 * 3 . 3 *^ > 34 * 4 * 
527. 347 , 673 
* -— Alcohol, 341 

- \i)ilide, 569 

-Hisulphoiiic Acid, 377 

-C.uboxylic Acids, 410, 488, 568, 6ls 

—— Chloride, 225 

-Cblorolorm, 222, 886 

Cyanacetyl Derivatives, 599, 647 

-Cyanhydrin, 379 

—— Diacetic Acids, 670 , 571 

-Dialkyl Sulpbone, 226 

—— Dihydroracemic Acid, 571 

— Dilactone, 496 
Dioxalic Ester, 621 

-Dipropionic Acid, 571 

-Es>ter Cyanhydrin, 611 

-Ethyl Mercaptol, 226 

-Formyl, 348 

— Formyl Acetyl, 536 
Mcrcarbide, 223 

—— Methenyl Bisacetyl, 598 
~ Oxalic Ester, 547 
—~ Oxalyl Bisacetyl, 647 
■ — — Peroxide, 224 

— — Phenylhydrazone, 228 
I Rhamnose, 619 

— Semicarbazone, 886, 447 

Acetonic Acid, 365 
Acetonitrile, 860 , 401 
Acetonltrodextro^, 634 
Acetonitrogalactose, 635 . 

Acetonyl Acetoacetic Ester, 351* 547 
1^.— Acetone Dioxalic Ester, 653 

—- Acetones. 3T0 861 , 537 
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Acetonyl Acetonosazone, 356 
" ■ — Lavmioic Acid, 548 

-Urea, 443 

Aoatopropionic Acid, 431 

-Aldol, 330 

Acetoprnpyl Alcohol, 3x5, 842 
Acetoaitrolic Acid, 383 
Aoetoiutroso*oxixne, 284 
Acetonuna, 365 

Acetonyl Acetone iJi ^xiine, 333 
Acetosuccimc Esters 308 
Aceto&uccinimide, 568 

Aceto*ti.rt >Uutylauu le, 227, Nitiamine, 337 
AcetotncarbaUylic i stcrs, 6x2 
Acetoxunc, 337 

-Derivative, 405 

-Ethyl Ether, 337 

Acetoximic Acid,'334 
Acetoxycrotonic &t( r 419 
Acetoxy-cUinetbyl-ac i a tic Ester, 421 
Acetoxyglutanc Eslu 539 

-Anbydnde, 539 

Acetoxymesityl Oxidr 343 
Acetosypivalic Au i <70 
AcetoxypropionaJJ >) < 338 

Acetoxyl Acetyl Hu >IK 1 ur. 343 
"■■■ ■ Oxamide 484 
Acatoiym<slric Anb>c]iide, 363 
Acetozym'i] itiiml 363 
Acetyl Acetone 3’)0 

- - Diiivitivo, 334 

-Salts, 331 

— — Chl<»ral, 398 

-Dioxime, 353 

Ac< tunc Acid 338 
Acetyl AreMt >cid 4x0 

Acetoacctio Ester, 419 
——-Dtnvativfc 348 

■ Acetonamme, 345 

— Acetone, Ammo compounds ■943 
-Acetoxyl Vilrrolaetone 4- 

— Bromide, 271 

— Bulyryl 349 
_ . - ■■ Me thane, 351 

— Caproyl 349 

—Caprcyl Methane 233, 361 

— Cailiads 3$! 

-Caiboxylu /\cid, 303 

-Cellulose, 665 

— Chlonde 370 
—* Chromate, 271 

— Cyanacctic E&ter, 364 

— Cyanide, 409 

— Cyano imtno propionic Cstu ,17 

— Dialuric And, 577 

' Oibromaerylic Acid 435 
- ■ Dithiourethane 450 
-Formic Acid, 407 

— Formyl 348 

— - - Formyl Cblond Oxit it 244 

— Form} 1 0x1 If >7^ 

- Glutanc Aeid 570 

— (fllycocoU 388 
—— Glyr diic Ar. 1 \tttilc 9 

-Gly< Agl'c A jc 340 

—. — C^nvatiMs ^47 

— Glyoxyl Lrc« 574 
I Hydaatoln 442 

—» Imidoditbiocarb mic Estei 450 
—— IminnsurcinamK I t t j 

— — InmiosucciQimidc 1 i) 

I ■ ■ Iodide, 371 

— Isobut^e Acid, 433 

— Isobutyryl Methane, 351 
—~ Isocaproyl, 

^ Isocyanate, 403 
Iso Valery 1 349 
Ketones, 35 <» 537 
I N . Lactic Add, 368 

■ Lsvubnic Add, 488 
—^ Leucine, 390 

— Malic Arid 35 * * . 

M iloMpilir Acid Ester, 4x0 
Malo>»e*^d 364 


Acetyl Malomc Ester, 4x9 
—— Methyl Isoureaf 446 

— Methyl Nitrolir Acid, 409 

-Nitrile. 271 / 

Gtnanthylidene, 282 , 33x1 

— Oxide Fonnyl 373 1, 

-Peroxide, 373 * 

— Propiouyi 349 

— — Hydrazones, 333 
————Methane 351 

— — — Osazone 356 
-— Sexnicarbazone, 335 

— Pseudothiourea 433 

— Pyioraeemic Chloialide 347 
-r stei 547 

- Sulphide, 374 

— Thiocarbamic Ester, 449 

-- Thiocarbamidt, 471 • 

— Tnchlorophonoinalic Acid, 433 
-Uramtl, 378 

-Ureas, 160, 441 , 443 

— Urethane, 436 
Acetylene Alcohols, X35 
^—Aldehydes 19^ 216 

— and Polyacetyl i Dicaibo* ylic Acids, 333 

— Bromidt 98 

— Carboxylic Afitl*^ 862 , 304 

— Chlorides 06 98 
-Broxnidi'' qu 

■ Dtearboxyh V 1 1 , 50X, 628 

— Diiiitrodurtmt, 441 

— Diurea, 441 
-Glycols, 315 

— Iodides 98 

— Ketones 233 

— — Mercury Chloride, 346 
-Urea, 373 

Acetylenes, 64 67 72 81,8686,88,93,335,239 
337 347 i 34B 

— Metallic Deiivativcs, 88 
Achroo dextrin 3 

Aci*,explauaiiou 1 1 uim 40 
Acid Amides 162 274 277, aSx 

— Anhydrides 171 

— Azides, 160 «72 

— Bio hi Us **’ > 

— Chlondes, 2 ii 

— Cleavage, 4 i •> 566 

-- — Fluonde s 2 70 i 

— Halide*« itx) 

— — Hydi srnh s 278 

. lodidf s, 270 

-NitriHs 247 , 

— peroxides 273 
Acidum ^tdicuin ..53 

— citrifum 610 
forraicum 336 

■ m ilicum 551 

— mucicum, 6 S 4 * 

— oxalieum, 480 • 

— tartancum 603 

-tnchloracetitum 287 4 

Aconic Acid 402 s>t 661 • 

Acomtic Acid, 684 (>iu 
——Derivatives 6x5,628 

--Ester, 333 

Acomtimide At id 696 611 
Acomtum nap^llui 5)4 
Aciitol, 688 634, 6^2 636 
Acrolein 303, 216 , 294* 338 . 537 

— Acetal, a 15 

— Alykl Dtnvstives, 215, 30® 

— -ammonia 213 

— Bromide 636 

-Cyanhydnu, 397 ^ ^ ^ ^ ^ 

Acrose, 2x3* 337 . 334 > ^ 3 » ^^ 6 , G33, 634. 

686 

Acryl Chlonde 394 
Acrylic Acid, 294 

— — Acyl 403 ,485 

—— Alkyl, 39X, 392, 399 
I .. I- - — Derivatives, 399, 401,371 
Acyl GlycoUic Niinh s 379 

— Tuocyanates, 471 
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S 41 , 349 
AdemiMi 9879 589 
Adspio AeidSt 4969 894 , 805 i|ix 

— Acid, Derivativi b, 209. 58®. 806,6*z, 653 

— DialdehyUOi 3A8 
—• Dimtnle, 305! 

Adomf ««nia/fs, 6xv 
Adoiiitol9 815, 818 , 62X 
Ather accUcus, 367 
•*—— aoasthetjcus, 135 

— bromatus, 135 
Agancw Museartu^t 340 
Agme amfr%ca»a, bOx 
Agavose, 66z 

Alaune. 3639 364, 381, 888, 390, 388 . 54X, 667 , 

874 

— Alanyl, 393 
—- Benzovl, 388 

— Chloratetyl, 393 
—— Glytyl, 392 

-ProlyJ, 543 

Alaayl Alanine, 392 

-Gl^cme, 392 

Albuminous bubstaucaa, 341 
Albununs, 666 870 

— Acid, 870 , 676 
Albumoscs, 070 , 67 ^ a 

-, Ethyl, 73 111 834 

—, Methyl, 109 
Albumus luctUus 588 
Alcohol, Aceiobuiyl, 310 

— Acids, 306, 356 338 548, 598 599i 810 619, 
631, 647 652 

—^ Ally!, 123 

Amyl, 110 120, 12X 

— Butyl, 118 652 

- Crolonyl, 124 

-Ethcra, 316 

— Hexadecyl 122 
Isobuty], 119 
Isopr()p\ 1 y 7 

Manuf iciuw of Pur'A1 ’ ^ H 5 
- ■ of cry^Ulhsation 108, 110 uo 
' ■— ■■ of FcimeutatioQ, z2u, 1O4 

— Oleic, 124 

— Pinacohyl 85 
-Propargyl, 125 

— Propyl 117 
Alf^holates, 108, IIO, 004 
Alwbohc Bevpidgo 1x4,342 

— Feroieutatiou, 118 , 4-0 492, 526 081 
Alcohols 98, 114 382 

— Acetylene 125 

—— Chlonne ^ubsututrfl, 117 ir*) 

— — conversion ot primary luto secondary and 
tertiary, ^o8 
—~ Dihydnc, 306 

— Diolofine, 125 
Higher, xix 

— Monobydric, 100 , 102 105 
Olefine, X23 

— Paraffin, 109 

--Res^ioiis dibtingu slung primary, secondary 

and tcrtiaiy, X09 
—— Saturated, 109 , lax 
Alcoholy&is, 418 
Aldehyde, GlycoIyK 203 

— — Acids, 306, 400 , 601 

^ — Nitrogen derivatives of the, 402, 405, 
408 

•—Alcohols, 306, 337, 533 597. 8x6, 623 
—, Nitrogen, conuininr dtiivalives of 

the, 339 

Aldebyde-ammonia, Z17, 193, 199* 3 ^ 9 » 

339 * 388. 448 > 450. 431 
Bisulphites, 207 
Chlondc, 206 
Cyanhydnn, 207, 078 
Dihalides, 208 
Halo^dnns, 203 
—— Iknvatives, 206 
Rydrazones, 2x3 
Ketones, 308, 343 848 , 336 
Nitrogen Denvaiivcs, 333, 354, 355 35 ® 



Aldel^de Reslo, aeo 

-Sulphoxylates, 207 

Aldehydes, xoo, 103, zo6, 124, 180 , 235 
'■ Acetylene, 2x3 

-Acyl, 343 

—Aldoximes, 196 
—- Dihalogtn, 203 

— Diolefine, 2x5 
Disulpbonic Acids of the 2x0 

— Halogen Substitution Pioducts ol the 
Saturated, 2oz 

-Hydrasones, 196 

Hydrozybulphoxuc Acids of the, azo 
Nitrogen Denvatives of the, 2x0 
—« of thi Saturated senes, Z9X 

— Olefine, 214 

•—~ Ozonidc‘2 of the, 204 
—Peroxides of the 203 

— Sulphur Dei ivativeb of the Saturated, 208 
Aldehydogalactomc Acid, 652 

Aldines, 344 
Aldobutync Acids, 402 
Aldol>ammonia, 339 

— Condcosaiions, 180 , Z98, 22Z, 337, 338, 339 

— Cyamhydrins, 340 
Aldo'ofefinc Carboxylic ^cids, 402 
Aldols, 2x4, 888, 339, 349, 631 
AJdopentobes, 6x6 
Aldopropionic Acid, 401 
Aldotriobe Metasaerharopentose, 620 
Aldovalenc Acid, 402 
Aldoxiuieb, Z5x, 811 

Alkaloids, 164 
Alkainmes, 328 
Alkdi'xne, 176, 177 
Alkiltics, 328 
Alkcncs. 60 

Alkenyl Dimethyl Acetic Acid, 299 
Alkioeb, 83 
Alkoxidcs, X08 

Alkuxyethylene Ether, Huinoioi,ur of, 129 
Alkyl Acetosuccinic IsUrs, 368 

— 4 cryhc Aads, 298 ' 

-Amides, 491 

-Aimnopropane diols, 333 

— Aminoxy-hydratcs 164 

-Denvatives 156 

Ammonium Alkyl Dithiocarbamates 46 
Arsomc Acid, z 76 
Arsonxum Compounds, 179 
Andcb, X69 
Carbimides, 461 
Chlondes, 162 
Chloropho^phiDCb, x 75 
Compounds. See al^o Parent substances 
Cyaoacetic Esters, 491 
Cyanamides, 472 
Cyanates, 461 
Cyanides, 247, >78 
Denvatives ot Antimony, 179 

of Bismuth, X79 
of Boion, 180 
of Cadiuum, 167 
of Germanium, i8x 
of Lead, x68 
ol Mercury. 187 
of Silicon, x8o 
of the Alkali metals 184 
of the Aluxmninm group 18b 
of the Magnesium gtoup 184 
of the Melamineb, 473 
of Tin, 182 
of Zinc, 186 

— Diaso-compounds, 169,170 
DiasoimidM, 171 

—- Disulphides 144 
* Disulpboxides, X 47 
—— Dithiocarbamic Acids, 449 

— Fumaric Acids, 5x9 

— Glucoses, 633 

— Guanidines, 453 

— Halides, 93,131 ^ _ _ 

— Halides. Magntsium, 188 , 074, 319. Sa 
Mho Magnum Alkvl HaUdes 
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Alkyl HydantOIiu, 443 

S ydrazinaSi 169 
ydiogen 129 

— Hydrosulphides 14a 
—- HydroxyUmmes xsa 163 171 
— Ketones, 341 
— I&omeUmiues 474 
— Maleic Acids 318 
— Malontc Acids, 489 

— —-Dumides of Horn is . 

Oxalic Acid, Chlondet of 4S 
— Oxamides 483 
' Oxychlorophosphmes r 75 
— Phosphimc Acids, 141 171 17 j 
P bosphinic Oxides 171 i/s 
— Pho pho acids, 173 t/i 17 
— Phosphomum Comp iiiK /i 
— Pyrourtnmide 406 
— Semicarbazides 447 
Succinic Acids 493 
——bulphamides 166 
— Sulphaminic Acids 168 
— Sulphinic Aci Is 1 147 

— Sulphonic Aci Is i4< 

— ' Sulphorochlor?! \osphi es 173 
— • - Tetrachlori ph phiuis 175 
— Tatroiiic Atifs 550 
— Thiocarbainic Ester 449 
—Thiociil imi Us 469 
— Th» cyi lalts 468 
fhicr uric Acids 578 
— — Thiouv I immes x 67 
— Thio ulphonic Acids 146 49 

-UramiK S78 

— \inthiDcs 391 
Alkamines 330 
Alkoxyicrytic Acids 303 
Alkoxy formimidines 446 
Alkylainm Halides 167 
Alkylammes 136 

-- Halogen 331 

— Hydroxethvl 329 

-Phosphuious Dciivatives of the 168 

-Sulfliur D rivaliv s jf Ih 167 

Alkyiite J A etyl Acet ni 331 

-Diarame 331 

-Dimil inic Acids 613 

-Immes 334 

-Malonic Acids 508 

- Nitrosates 45 

-Nitrosites 345 

-Nitrosochlondcs 345 

Alkylenes 7^ Bo 
Alkylenc(KU 316 
Alkylidene Amin i sulphites 207 

-Bis pyroracrmic A 1 Is 503 

— — Bis tetrrnic Acids 313 
Alkali Metils Mkyl Deiivatives of the 184 
Alkylof,eas 103 131 
Allant-iic Acid 573 
Allantom 373 
Allantunc Acid 573 
AUese 90 
AUtumsaitvum 144 
ur^inmn 144 
Allocrotraic A il 297 
AUoergatia 20 j 514 
Alloisomensm 32 34 
AUomueic Acid (51 
AUophanic Acid 4^ 1 
■ Ester o Methyl 446 
Allopbanamide 44 
Alloxan 578 
Alloxanic Acid, 580 
Alloxantin, 380 
AUoxanne 579 
AUyl Acetone 23 

-Alcohol Isa X24 215 208 sa4 

— — Derivatives x 4 454 
— Alcohols, IS4 
Acetic Acid 299 
Ester 229 

Acetoacetic Ester 232 
— Alkvl Ketone 22B, 229 


M yl Bromide 136 
— Chlotidc, 130 137 

-Cyaiude 297 - 

-Cyaimoide, 472 

-iJlsuiphide, 144 . 

— I thcr 129 I 

-Lthylcnc XncarboxyhcLster 382 

-Fluoride 13b • 

——> Formamidc, 239 

IS 491 — Hahaes 98 136 

-lod^k X3i> 

-—^Bdercury 188 

— Isotbiocyanic i sttr 470 
■— — Malonic Acid 308 
— Mustard Oil i-s 13/ 144 470 
SuccimcAcid 3 **2 

-Sulphide 137 X44 

— Sulptiocarbamidc 432 

-Thiocyanate 137 p 

— Tnbromidc 393 

-I r *i 440 446 

Allyiaiui 1C 16b 

Mkylamm \ ivli l.stcrs,Honioloi,ous 4 i 

Mlylcne Iodide >8 

\llylencs, 83 80 90 *20 

Allvlm six 

Aiinond Oil 300 

Vluiuimum Aik xy derivatives 117 
— Carbide ( 7 7 

-Group, Alkyl dcnvatives ot the met u 

the x88 
Alypm 533 
Amatic Acid 380 
Aiuido Acids 1(2 
— Chlon Ics 281 
Amides 233 274 277 
— Cyclic 3 
Amidines 281 280 
Amidoacetouitii! Methylene 242 
Amldoaldehyd 339 
Amidocarboi yl Clycoliic rster 4 
lactic Lsl r 436 , 

>8 Amide fatty V 1 1 381 

Amidoformic A 1 1 433 
Amide guanidiiu Chi n Galactose 03 

-Mcrcaptils 033 

Amid i cthionir A 1 1 323 
Ami Ijlictic Acid 3 3 
Aiudoioaloni Acid Nitnlcof 24X 
Ami 1 tlinaz I s 431 
Ami I val Dlict n 423 
Ami a m s 2B3 
Amid ximc Ox ih Aci 1 484 
Amidoxalyl C ly 11 

Aoiidoxyl Ac tl ^ 1 1 Si 

Amidoxyl f-ilty AeiJs 381 

Amidoxyl Niinl s 1 

184 Amines 104 15C 164 103 1 r 

-Kctoximt 3|'i 

Aminoacetal 33; 310 4 

Aminoacetald hyl 330 330 
Ammoacctami 1 
Ammoirctjc An I 3H3 
— 1 ihyl Is r jHt» *1 

Aminoacetoarclir \ci 1 343 
Aminjacctone 341 

-Diethyl Sulj h ic 344 

AminoacetomtriU 386 
Ammoacety] Ace tom 336 
Amino icuis 886 38 > 800 
Aminoadi nine s8) 

Aminoadipic An 1 560 
Ammoalanme 397 
Ammo methyl Ixevulmic An 1 345 
Ammo anilido oxalic Ester (S6 
Aminobarbituxic Acid 378 
Aminobiuret 443 
Ammobutanol 330 
Aininobutyric Acetal 340 

-Acid 800 392 001 804 

Ammo butvfo sulphonic Acid 348 
Aminobutyryi 392 
Ammocafbinc 591 

Aminocaprolc Acid 299 800 80 t 393, 651 
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Amittocapryllc Add, 390 
Amiaocarboxylic Acids, 393 
—Carbumic Acid t>erivativet of the, 

436 • 

— — Cyclic iteides of the, 395 
Aminocrolo&ic AcH Nitrile, 420 

-Eeicr, 304,3A, 41 i 

Amino-dialkyl-acctic Acids, 38a 
AminO'dimL'thyl-acetoacctic Add, Xjtttam of, 

411 M 

Amino-dimetbyl*acryIic Acid Ester, 
Amino>dimethyl>b\iccixiic imide, 557 
Amfaodioxypuiiaes, 569 
Aminodioxypyrimidine, 366 * 

Aminodithiocyanuiic Acid, 468 ^ 

Anunoetbyl Alcohol, 339 

— Ether, 330 

~ Mercaptan Hydrochloride, 331 

— SolpAnic Acid, 330 
Aminoetbylidcoe Succinic Ester 

Acids, 381 
Atoinofumaric Ester, 5C6 
Arftino-formlmido-etbers, 446 
Aminolumaramide, Ester, 366 
Aminod*icoheptpnic Acids, (>31 
AminoglutacoDic Ester, 369 
Aminoglutaconimide, 569 • 

Aminoglutaramic Acid, 559 
Aminoglutaric Acid, 558, 559, 5O0 
Anunoguanidine, 438 
Amino'l-guanidmo-valcric And 542 

-Chloride, d-Dextrose, 634 

AminoheptyUc Acid, 39b 
Aminohydaatoie Ester, 447 
Aminobydantoin, 447 
Aminohydantoin Carboxylic Acid. 584 
Aminohydracrylic Acid, 340 
Amino'bydroxy-butyrir Acid s^i 
AmlaO'hydrozy-propiouic Ai .>1 
Amino'bydroxy-valeric Acj«l, s+i, 

Anhydride, sy 

Aifkinodmioo-mAhyi Cy.inolzia.(( nc*, 
Ammoisethiouic Arid. 326, 331 
Aminoisubutyric Acid, 230, 888 
Aminoisosuccinic Acid, 550 
Aminoisovaleric Acid, 393 
Aminoketones, 229, 343 
Aminolactic Acid, 341 

-Aldehyde, 534 

AiAnoinaleiC Amide H'>ter, 366 
Amimomaieiuinnidc. six 
Aminotualonamidc, 530 
Ammomalonic And, 349 
AmiuomalononUiilc, 55^ 

Aminomalonyl Uiea. 444, 876 
Ammomrthane Pisulphonatr, PoU^ i<itn, 434 
Amino-methyl*ethyl Acetic Acid. ^‘>•1 
ALoinomethyl Ketones, 244 
—9 Sulphurous Ester, 2x1 

-Nilrosilic Acid, 450 

Aminomcthyllno Acetoacetic K^ur. 546 

— Malonic Ester, 561 
Aminon^c, 165 
AminO'OCtanic Acid, 394 
Amino-cenantbic Arid, 390 
Aminoolifine Carboxylic Acids 399 
Amino-oxy-pyrimitlinf, 574 
Aminopalmitic Acid, 390 
Aminoparaldiminc, 2x2 
Aminopentadlene Acid, 399 
Aminopentanol, 330 
AminoptmeUe Acid, 560 
Aminopropane Ulol, 333 
Aminopropanbl, 330 
Aminopxopldaalaeb y des, 

— Acetal, 310 
Amlnepiopieiuc Acid, 38B 
Aminoproplonltrile, 36* 

Aminopropyl Methyl Ketone, 344 
Amlnopunnes. 388, 389 

— Eterivatives, 390 
Anlnopyrotartaric Acid, 336 
Amlao*8ec.-butyl Acetic Acid, 390 
Andaoetearle Add, 390 


34 « 


Aminosucdnic Add, 499, fgg 
AminosulphoBa], 344 
Amino-iert.-buiane Diol, 533 
Aminotetrahydxozycaproic Acid. 65s 
Aminotetrazole, 459 
Aminotetroles, 6x6 
Aminotetronic Acid, 344 
Ammothiolactic Acid, 34 x 
Aminothiopropionic Acid, 376 
Aminotic Liquor, 660 
Aminotriasofes, 403, 468 
Aminoundecane, 163 
Amifiouracil, 376 
Axumouraaole, 4^8 
Aminovaleric Acid, 389, 394 

-Aldehyde, 340 

Aminozy-hydrates, Tri*alykl, 164 
Ammelide, 473 
Ammeline, 473 
Ammonium Bases, 165, x66 
-Cyanate, 461 

— Cvanide, 942 

— Thiocyanate, 467 
Ampelopsis kedfructa^ 369 
Amygdalin, 939, C26 
Amyl Acrolein, 213 
-Alcohol, XX9, X20 

- ■ ■ Acetic E^ler of Fermentation. 268 

Alcohol of Fermentation 85, 114, 186 

-Glycerol Dicthyliu, 53a 

-Glycide Ether, 533 

. Nitrate, 138 

- Oxalic Chloride, 48a 

— Propioiic Acid, 304 

-Aldehyde, ax6 

Amylainme, 164, 163 
Amylene, 85 

-Hydrate, 121 

Amylium Nitrosum, 138 
Ainylodeztrin, G63 
Aniylopectin, 661 
Amy lose, 662 

Aiuyloxybutyl Bromide, 3x3 
Amyloxypropionic Acid, 313, 878 
Amylum, 662 

Analysis, Elementary organic, 3 
Angchc Acid, 292, 898 350 

— Lactone, 398 
Angelica arckangelica 260, 998 

-roots, 260 

Anglyceric Acid, 539 
Anhydride of Ethionic Acid, 327 
Anhydrides, Acid, 271 
AnhydrO'enneabeptilol, 625 
Auhydrofurmaldehyde Urithane, 436 
Anhydrp-nitro-acelic Ester, 380 
Anhydrotaurine, 327 
Anilacetoue Dicarboxylic Ester, 569 
Anilidobutyrolactam, 488 , 514 
Anilidodextrose Cyanide, 628 
Anilidoperchlorocrotouic Acid, 498 
Anilidopyrotartrolactinic Acid, 337 
Aniline-acrolein Anil, 347 
Anilinocitraconanil, 507 
Anilino-dicarbozvbglutaric Ester, 6x5 
Anilinomaleinanil, 365 
Anilinomalonic Acid, 530 
Anilinopyrotartaric Acid, 356 

-Dmvatives, 3x3, 556 

Anilinosuccinimide, 498 
AniliaotxicarbaUylimide Esters, 39s 
Anilonitroacetone. 231 
Anil’pyruvinlc Acid, 409 
Anil-uvitonie Acid, 409 
Animal Fluids, 499 
AfUhemU «o8sfir, 298 
Anthracene, 96 

Antimony, Alkyl derivatives of 178 , 184 

Antipyrine, 267 

Antitartarlc Acid, 604 

Ants, 236 

Apiinp, 619 

Apionio \cid 620 

Apiose, 818 , 6ao 
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ApocaffelQjB, 591 
Appies, 351, 663 

Aftfa amyfiJtdarum mnurarum, 439 
^Arebinamine» 616 
' Arabinobromal, 618 
Acabinoehloral, 6x8 
ArabinoM, 620* 621, 363, 616, (>17. 818 » 619, 649, 
630, 651, 660 

— Carboxylic Acid* C24, 649, 653 
Arabiaosimine, 636, 631 
Arabitol, 99. 918 , 6x8 
Arabonio Acid, 597, 618. 6x9, 68# 

Arachidic Acid, 261, 868 
Araehis hypogtBa, 262, 300 
Argaricus musearius, 329 
Argtmae, 542 
Argol, 480, 60 S 

Amines, Arsenic, Borom, and Silicon denvativo 
of Seconda^, x68 
Aromatic Hydndea, 78 

-Hydrocatbou, 85 

Arrack, 238 
Arrhenal, X 77 , 178 

Arrheniui, Bleetrolytic Dissociation Theory of, 1# 
Anenlc Acid, Alkyl, 176 177, 178 
■■ —I— Esters of. 141 

— Alkyl Derivauvas of, X75 

— Oxides, Alkyl. 176 
Anino, Alkyl, 17b. 177 178, 179 
—— —— Sulphiucs. 1-/7, 178 

- Derivatives, 178 

Acsenious Acid. Dimethyl, 176 
Arsenite, Acetyl, 271 
Arscuoxide, Alkyl, 177, 179 
Arsonium Compound*^ 176, 177, 178 
Asparacemic Acid, 553 
Asparagiiianil, Pheuyl, 31 x 
Asparagine. 864 . 559, 567 

-Carboxylic Acid, 6x2 

Aspartic Acids, 499. 668 , 567 
Aspartyl Aspartic Acid. 5^3 
» Dialamne, 556 
Asphalnim, 78 

Asymmetric Carbon Atoma, 29, 33 
Atieonic Acids, 5x6, 619 
Atomic Linking, 2X 
■- — Volumes, 45 
Asaurolic Acid, 284 
Aaelalc Acid, 300, 606 

■ ■ Aldehyde Acid, 300 

Amide. 334 

■ I...» Dithiolic Acid. 306 

Nitrite 334 

Aride, AUoptuutc Acid, 449 
Carbauiic Aci<I, 447 

— Hippuryl, 39a 
Atidcs, Acid, 278 
—- Dicarbozyln 33a 
Azidoacetic Aci<!. Ilvdrazido of, 404 
Azidocarbonic Amido, 447 

- Methyl Ester, 446 

Azimethyl Carbonate, 459 

Aaimethylene, 213 

Azine of Glyoxylic Amide, 403 

Azinomethane Dlsulphonatc, Potassium, 434 

Azocyanaeetie Ester, Benzene, 364 

Asracarbamidine, 438 

Azo^arbonamide, 447 

Aiodicarboadlamidine, 438 

Azodicarborylic Acid and Derivatives, 447 

Azo'fatty Acids, 397 

Azoformamide, 447 

Azolonnic Acid, 447 

Aaoio Acid, Methyl, XT* 

AzO'lwbutyromtrile, 397 
Axotateazole, 459 

Azosazoles, 355 . 

Aioxyblsmethenylamidoxxm, 459 
r Azidmfc Acid, 485 


SofiOlut laett, 363 
oeiAi tagt^ac/iet, 364 

239 


JiattUus dhacfticui, 59 l 

-239 j 

-farincwa, 341 

Bacteria, 652 
Bacterium, Sorbose, 341 
Baetffium ocai, 256 

- Utmo, 313 

Barbituric Acid, 444. 574, 671 
Barbituryl Imidoalloxan, 581 
Bassoiin, 663 
Beans, 354 .‘SSo 

Beckmann Change (Inversion, Kr arrangement, 
Transposition), x6o, 887 , 300, 371 
Beeswax, 122, 262, 860 
Beet-Juice, 455 . 573 , 622 

Beet-Root, 387. 3S>o. 554. 55^, 559. 593, 594,6«o 
638 

Beet Sugar, laz 
Bebenic Acid, 261, 868 
BehenoUc Acid, 804 , 307 
Behcnozylic Acid, 304 
Benzal Hydraaioe Carbonate. 44# 

■ ■ '■ Lavulinic Acids, 423 

- Semicarbazide, 447 

Benxaldehyde, 239 
Benzene, 88 

. . '■ Azocyanacetlc Efter, 964 

■ — Derivatives, 332, 343 

— Ring, 21 

—^ Sulphochloride, 162 

— Sulphoethozypyrrolidine, 340 
■ ■ Sulphohydroxamic Acid, 

——'-sulphonc-thioncctoacetic HsUr, 343 

-Sulphuric Atid, 283 

Bcnzene-azo-acetyl Acetone, 537 
Beuzil, 333 
Benzine. 78 

Benzotrimethylene, 404 
Benzoyl Alanine, 388 
-Amines, 335 

I ■■ - Amyl Aiuiiiomalonic Esterr 393 

— Cellulosf, 665 

■ Glytocoll, 388 

— Imines. 335 
—- Piperidiuc, 394 

— Seriue Ester, 540 

—^ Triglycyl Glycme, 393 

Benzoyl Ammocapronitrile. 395 

Benzoyl Amiuoraptoic Acid Nitrile, 334 1 

Benzylic Acid, Translormatiou, 342 

Berbcfis vuigam, 551 

Beryllium Alkyls, 

Dgta vulgarts, 387 

Betaine, 165. 330, 377. 383. 887 , 388 

— Derivatives, 387, 389 

-Aldehyde, 340 ' 

Biguanide, 457 
Bi-iodo-aoctacrylic Acid, 428 
Bile, 326, 530 

Biliary Substances, 676 « 

Bilineurine, 329 
Bilirubin, 676 
Bioses, 657 

Birds, Excrements of, 381 
Birotation, 638 , 660 
Bis-acetoacetic Ester, 546 
Derivatives, 484 oio 
Bis-aceiol Methyl Alrbolate, 341 
Bis-acetyl Acetone, Mcthenyl, 398 
Bis-aminoguanidine, 458 
Bis-aspartic Ester, Hippuryl Aspartyl, 336 
Bls-cyanomalonic Ester, 656 
Bis-ifiaioacetamide, 403, 498 
Bis-diazoacetic Acid, 405 
Bls-dietbyl Aglmetbylene, aaS '* 

Bis-^methvl Arimetbylene, 228 
Biz-hydrazmocarboxyf, 448 
Bis-methyl Alkyl Azunethjdenes, 228 
Bis-phthmlimidomalonic Ester, Alkylene, 6otf 
Bis-pyrazolone Derivatives, 6 m, 609 
Bia-trimetbyl Ethylene Nitrotate, 343 
Bis-trlmethylene Diimlnr, 337 
— — Tetramethvl Diiinonium Chloride. 337 
Bismuth, Alkyl Compoundt and Derivati vesof,i 79 
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filftnlphltM, Aldehyde, 207 
Bisulphitee, Ketonr, 225 
Bittei Almoads and Oil, 

Bituminous Shales, 79, 62 
Bluxet, 44t, 5741 , 

Reaction, 3|3, 449 , 669 
Blood Corpuscle^ 531, 581, 588 
Boghead Coal, Dry Distillation of, 71 
Boiling Point, 48 

— ■■■ Determination oi the molecular weight 
from the raising •! the, 14; Beckmann's 
Method, 15 
Boletus fdults, 66x 
Bombyx processioneat 236 
Bone Glue, 673 

-Oil, 64, 673 

Borate, Alkyl, 271 
Boric Acid, E&ters of, Z41 
—- —Ethyl, 180 
■ — Diethyl Ester, i'irthyl t8o 
Boion, Alkyl C?mpounds and Derivatives of, 
160 

~ Derivatives of the Secondary Amtnc» 
x68 

Brain, S 89 » 530 » 

Brasitc^ 301, 302 

-fOP«, 3#f • 

BrassKlic Acids. 2^2 Z4l 
Brassylic Acid. 301, 807 
Rromacetaldchyde, 203 
Bromacetic Adds, 288 
Bromacctoacetic EsUrs, 420 
Bromacetol 333 
Broinacetonitnlc 388 
Bromacetoxunc, 343 
Bromacetyl Broiiiide, 97 
Uromacotylene. 303 
Bromacetyl Urea, 442 

-Urethane, 43<> 

Bromacrylic Acid. 205 
Bromal and Dciivativcs, 303, 207 
Bromallyl Alcohol, 124 
Bromamidcs, 277 
Bromanilic Acid. 224 
Bromammoctotouic Ester, 419 
Bromethyl Aectoacrtic Ester, 420 
— Wpendinc, 337 

Brometoylaminc. 331 

t romethylidinc Acetone, 349 
rombydrin, 520 
Bromhydrouracil, 574 
Bromides, Alkyl, 134 ^62 
Bromimidocarbonic Ethyl Ester, 446 
Bromine, 5 * 

Bromisobutyric Acid, 289 
Bromisobulyryl Bromide, 289 
Bromisocaproic E ter, 299 
Bromisocaproy) l.,cnc}ne, 392 
Pcntaglytyl Glycmc, 393 
Bromisocroioiiic Acid, 297 
Bromisosuccinic Acid, 491 
Bromo-acctoxy-dlethyl Acetout tic Ester, 366 
Brom^utyl Methyl Ketones, 235 > 343 
Bromobutylarnlne, 331 
Bromobutyric Acids, 880 , S42 
Bromocaffelne, 59* 

BromocitraconiCaAnhydride. 310 
Broraocrotonic Acids, 295, 304 
Bromo-dimelhyl-acetoacetic Ester, 421, 423 
Bromo-climethyl capioic Ester, 506 
— -glutarlc fester, 504 
Brouioenantbic Acid, 375 
Bromo-Etber, 129 
Bromo*etl)yMuccinte Acid, 298 
Bromoformt 941 203, 23s, 849 , 408 
BromofumaralUebyrie, 3x7 
Bromoglucurolactone, Diacetyt, 652 
Bromoglutaric Adds, 297, 360 

-Ester, 502 

Bromoguaniae, 388 
Bromombutyl Aldehyde, $98 
Bromolsobutyrio Add, 297 
Bromolsopropane, 139 
BraaoUctlc Add, 368 


Bromolactose, Hepta>acety], 86a 
Bromolmvulinic Adds, 423 
Bioroomalic Add, 605 
Bromomalonic Dialdehyde, 535 
Hromometbacrylic Acid, 807 , 30Z 
Bromomesaconic Acid, 50Z, 818 
Kromomethyl Amyl Ktfier, 315 
Bromomethyl Furiural, 663 
Bromonitroethane, Z51 
Bromonitroform, 189 , 428 
Bromonitromethane, 151 , 2x0 
Bromonitropropane, azo 
Bromonitropropaool, 344 
Bromonitrosobutane, 

Bromonitrosodimethyl Butane, 153 
Bromonltroso-paraflin, 152 
Bromonitro&opropane, 153 
Bromo-olefine Ketones, 229 
Biomopicrin, 152,156, 426, 488 
Biomopropane, 133 
Bromopropiolic Add, 303 
Rrumopropionyl Urethane, 436 
Bromoproprionic Acid, 288, 289 
Biomopropylamines, 331 
Hromopropyl Malonic Esters, 304 
—— Methyl Ketones, 343 

Phthalimidomalonic Ester 542 
BromopyourcTde, 443 
Biomopyrotartarie Acids, 500 
firomosuccinic Adds, 499, 500 
Bromotetronic Add, 544 
Bromotriacetonamine, 230 
Bromotiinitrometbanc, 156 
Bromoundecylic Aeid. 507 
Brown Coal, Dry Distillation of, 71, 79 
B’mte's Salt, 147 
Butadiene Carboxylic Acid, 305 
Bulaliyl Methyl Carbiuol, 323 
Butan*', 76 

^ I Dicarboxylir Acetic Acid, 594 

-Hepiacarboxyhc Ester, 656 

-Pentacarboxyllc Eslen*, 622 

-Tctracarhoxylic Ester, 613, (>14 

-Truarboxvln And. 503 504, so 3 

Butene Lactone Crotolactone, 398 

■ - Tetnicarboxylic Ester, 615 

BuUny) Hydioxy fncarboxylic Lactone, 8is 
Butter, 259. 2r)2, 530 
Butyl, Mercury, 188 
-Acetylene Arid, 26r, 348 

— - Carboxylic Acids, 304 

-Alcohol of Fermentation, 119 ,164 

-Alcohols, rt8, 119, 652 

-Aldehyde, 118, SOI, 2x3, 3x4 

-Carbinols, X20 

-Chloracetal, 205 

-Chloral, 1x8,195, 801 , 334 

—— —- Acetal, 205 

— -Aldol, 534 

— — — Hyclratp, 195, 888 
—~ Fumanc Acid, 519 
-Glycerol. 528 

—Glyoxal, 348 
-Glyoxime, 354 

— Isocyanidc, 248 

— Lactic Acid, 365 

—~ Malonic Acids, 491 
—Mustard Oils. 470 
——' Nitramine, 169 

— Pseudonitrole, 159 

-Pyrrolidine, 334 

Btitalanine, 389 
Buivlamine, 470 

Buivlamines, 164 • 

Butylene Glycols, 819 , 341 
. — Hydrate. uS 

— Pentacarboxylic ier« 622 
Butylenes, 88 , zz8 
Butylldene Acetic Aeid. 299 
Butyramide, 277 

Butyric Add, 958, 850 

Derivatives, 289. 402. 406 
_ Fermentation, 363. 3 ^ 3 . 851, Oil 
Soter, DitUoetbyl, 4<9 
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Butyric Esters, 268 
Butyrotietafoe, Trimetby], 394 
Butyroin. 310, 848 
Butyrolactam, 393 
■ - ■ Phenyl, 498 
ButyroUctone, 289, 373, 174 , 497 

-Derivatives, 374. 375 . 39 «. 495 

-Carboxylic Acids, 550, 551 

—^ Dicarboxylic Ester. Dimetl.y*. 6ta 
Butyrone Oxime, 227 
Hutyronitrile, 280 

Butynrl Acetoacetic BCethyl Ester, 419 

-Cyanide, 400 

-Formic Acid, 408 

-Halides, 271 

Buty^l Isobutyl Acetic Kstcr. 548 

-Pyroracemic Ester, 547 

Butyryl Glutaric Acid, 570 


Cacao Butter, 262 
Cacodyl, 176, 178 , x 79 

— Derivatives, 177,178 

-Oxide. 176, 177 . 178 

Cacodylic Acid, 170. 178 
Cadaverine, 331, 884 . 542 
Cadet’s fuming aro.'nicai liquid, 176 
Cadmium. Alkyl Derivatives of, 187 
Catfeidine. 501 

-Carboxylic Acid, 591 

CaffeTne, 387, 572, 888 

-Derivalives, 591 

Caifolin. 591 
Cafluric Acid. 591 
('alcium Carbide, 67, 88 , 97 

— Cyanamtde, 457, 471 
->*— Etboxide, 117 

-Ethyl Iodide. i8f> 

-Malcite, Fenneninlion of 492 

Calculi. 480 588 
Camomile Oil, Roman, T2 o 
C ampholine Add. 424 
Camphor, 493. 594 . 652 
Camphoric Acid, 493, 495 
Camphoronic Acid, 495, 594 
Camphorpboronc, 229, 502 
Canarme. 468 
Candles, 264, 527 
Cane Sugar. St4 Sucrose 

-Inversion of, 266 

Cannel Coal, Dry Dibtillalion of, 7t 

Caoutchouc, 91 

Capnc Acid, 261, 888, 30X 

— -&ter. 268 

-Aldehyde, 20t 

Caprilonitrile, 281 
Caprmone, 223 
Caproic Acid, 361 
Caprom. 310 

Caprolactam, and Derivatives, 396 
Caprolactones, 874 375. 557 , 630 
—— Derivatives, 500. 607 
Capronamidc, 278 
Caprone. 333 
Capronop'. 3x4, 848 
Caproyi Acetoacetic Ester, S 4 « 

-Chloride. 271 

Caprinamide, 278 
Caprylamine, 278 
Caprvlie Acid, X22, 881 
Capryl Ketoxime, 227 
Caprylone, 223 
Caramel, 659 
Carbamle Acid, 485 

-Derivatives, 436. 437. 445, 447 

_ — Esters, 428 

Sulphur-containing Derivatives of, 448 

■ Aside, 447 

— Ethyl E»ttr, Methyl, 436 
—^ Hymside, 447 , „ 

Carbamide, Dioxalacatlc Ester, 566 
Carbamide Imfdaside, 43^ 

-Oxime, 448 

Carbamides, 438 


Carbaraidocyanotriasene, 447 
Carbamido*etbyl Alcohol, 440 
CaTbaiuidohydraso 4 .:ctic Ester, 447 
Ctrbamidg-malonyl-urea, 378 
Carbaiuidopropionate, 443 r 
Carbainiue-ihiolic Acid, 448 { 
CarbaminO'Carboxylic Acid, »3 
Carbamyl Tbiocarbamyl llydrasine, 451 
Carbaside, 447 

Carbasone, Acetoacetic Ester, 447 
Carbimides, Alkyl, 461, 464 

of AldebydO' and Koto-monocarboxyde 
Acids, S 72 

—— of Dicarboxylic Acit^s, 575 
Carbimidoisobutyric Acid, 443 
CarbiminodJacetic Acid. 462 
Carbmol, lox, 188 
Carbmolates 204 

Carbilhionic Acidb. Sea Ditbiouic Acnlt 
CarbodJazide, 447 
Carbodiimide, 471 
—— Derivative, 472 
Carbodlmethyl Methene, 473 
Carbocthy] Methene, 475 
Carboi'thylidene, 475 
Carbohyc rates, ti5(> 

Carbohydrazides. 4481448 
Carbohydrazidine, 486 
Carboisopropylene, 475 
Carbolthionio Acids, 273 
Carbomethanc, 475 

-Carboxylic Ester, Acetal of 480 

Carbomelhenes, 474 
Carbomethoxy Glycine, 437 
Carbometboxy-/S‘amidopropionic Ester, 498 
Carbomethyl Methane, 475 

Cartion Compounds—k^nsi itu tion Early 
theories; diialistic theory of Bcizehus; 
chemical-radical theory; unitaiy theory; 
equivalent, atom, and molecule. x8 ; theory of 
Gerhardt, tq ; recent views, 20; theory of 
atomic linking, or the strucft'iral theory, : 
recent views, 27 ; nomenclatuio, 42 ; physical 
propertie>«; crystalline form 43 

-Classification of, 68 

Carbon, Determination of, 3 
-Dirarbonyl. 488 

- Dioxide, 67, ii 4 » * 37 , 238, 256, 425. 488 , 

481 

-Disulphide. 67, 219, 481 , 433 • 

-Monosulphide, 247 

-- Monoxide, 03, 64. 67, 236, 237. * 47 , 256, 

426, 

— — —• Cleavage, 560 

— — Potassium, 247 

-Oxychloride, 430 * 

-Oxysulphide. 431 

-Suboxide, 230,475, **• 

— Tetrabromule, 426, 488 • ^ 

-Tetrachloride, 71, 95, 288. 428. 488 

-Tetrafluoride, 66. 94. 426, tSb 

—— Tetraiodide, 42b. 489 
Carbonate, Benzalhydrazine, 446 
Carbon-dithiolic. And, 432 
Carbonic Acid, Amid<* Derivatives of 433 

-Chlorides of, 430 

-Esters, of, 427 , 

. — Guaneides of, 457 

— -Hydrazine-, Azlne-. and Azido-deiiva 

tives of, 446 

-Hydroxylamine Derivatives of. 448 

■ I- ■■ — — Sulphur Derivatives of Ordinary, 431 

-Derivatives, 425 

Carbonyl. Iron, 247 

-Bromide, 431 

—> Chloride, 430 
-Diaeetoacetic Ester, 621 

— Dimethyl Urea, 443 
Ditbloacetic Acid, 434 

— Dlurea. 445 

— Dluretbane, 443 

-Nickel, 247 

Carbopropylfdene, 475 
Carbotbiacetoolne, 458 
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Carbotblaliline, 450 
CarbothioUc Acids, 373 « 

— Esters, 274 • 

Carbovalerolacto^c Acids, 6 B 1 , 56 t * 
Caibovalerolactamic Acid Nitnic, 539 
Carboxalkyl Suldgocarbanitde, 433 
Carboxetbyl Aceftacetic Ester. 4x9 
-Alanine, 437 

-Glycine, 437 

— Glycyl Glycine Bster, 437 
—o Hydroxycrotonlc Ester, 4x9 
- Isocyanate, 443, 468 

OzaUcetlc Ester, 6x2 

— Tbiocarbimide, 471 
Carbozyealactonic Acid, 652, 656 
Carbozyf Cyanides, 409 

— Dimethyl Acxylic Acid, 571 
Carboxylic Acids, 100, 232, 3'/2 

— — Alkvl Sulphid>‘, 3/0 

— ■ ■ — — HydroxsrsuJplane, 377 

— — Mercaptal, 376 
—— —— Mercaptol, 376 

__ Saturated, 207, 476, 592. i>* 3 . 656 

-Sulphone, 377 

-Unsaturated, 290, 507. 5 y 4 » ^25, (-22 

Carboxytartronic Acid, 607 

Carbyl Sulphate, 82, 326,^67 

Carbylamines, 158, 163, 236, 241, 242, 247 , 276 

Carbyloxime, 248 

Cartca pipaya, <>77 

Caruauba Wax, 269 

Camaubic Acid, 677 

Carnine, 392 

Carob Tree, 259 

Caronic Acids, 304 

Carotin, 676 

Cartilage Gelatin, 673 

Casein, 390, 5io, 5\2, 678 

Castor OU, 262, 209. 302, 306 

-— Beaus, 264 

Catalytic Kea#ions, 127, x 85 > 266 
^llubiose, 664 
Celluloid, 665 

Cellulose, 218, 222, 480, 625, 63:. f» 3 f»» 857. 

064 

—— Acetonitratc of 665 

— Acetyi, 0f)5 

—— Dry Distillalion of, 218 22a 

— Formate, 665 
—— Hydrate, 664 
-Reserve, 631 

— Sulphite, 664 
Ceraionia siltptu, 239 , 

Ceresine, 79 
Cerotate. Ceryl, 269 

Erotic ACid, 122. 261 268 , 269 

Cretin, 122 

Cervical Ligament, 300 

Cityl Alcohol, X22. 262, 269 

I I ■ Ccrtateie, 269 

Cetacoum, 268 

Cetene^82 

CelfCfAi islandica, 662 
Cetyl Alcohol, 82, 182 , 268 
—■ Bromide, 133 
Cyanide, 281 

— Ester, 262 • 

-Iodide, 136 

-Matonic Arid >491 

Cheese, 631 

Cbelidonic Acid, 482, 361, 37'* 

CbenochoHc Acid, 677 
Chinese Wax, 122,263 ,166 
Chinovlne,>6i9 

Chinovose, B19 • 

^itaric Acid, 650 

Chltin, 636 

Chitonic Acid, 630 

Chitosamlne 636 

Chltoso, 687 , 650 

Cbloracetal, 337 . 3 S 9 

ChloncetaldebTde, 203 

Chloraretoacetio Eaten, 460 

Chtoracetol, 223 


Chloracetozime, 343 
Cbloracetyl Alanine, 392 
-Aspartyl Chloride, 556 

— Carbinol, 534 

— Cyanoacetic Ester, 607 

-Diglycyl Glycine, 393 

—- Glycyl Glycine. 392 
-Urea, 44Z 

-Urethane, 436 

Chloracetylene, 303 

Chloracrylic Acids, 294 

Cfaloral, xxS, 801 , 204. 230, 3CS. 429, 334, 652 

— Acetyl Acetone, 

— — Chloride, 207 
-Acetone, 848 , 423 

Alcobate, 804 , 3^ 

-Aldol, 534 

— Butyl, 203 

-Hydrate, 203 

-Cyanbydrin, 379 

— Diacetate, 207 

— Dimethyl Ethyl Carbiuolate, 204 

-Formamide, 239 

-Hydrate, 193, 802 , 204 

-Hydroxylamlne, 213 

-Oxime, 2x3 

-Urethane, 436 

Chloralacetamidc, 277 
Chloral'aminonia, 2x2 
Cbloralic Acid, Urobutyl, 652 
Chloralide, 202, 294. 866 
Chloralides, 369 
Chloralimides, 2x2 
Chlorallyl Alcohols, 124 
Chloralose, 634 

Chloraminocrotonic Ester, 419 
Chloranilic Acid, 224, 349 
Chlorethano Tricarboxylic Ester, 592 
Clilorethers, 129 
Chlorethyl Acetate, 323 

-Imidoformyl Cyanide, 485 

-Ketones, 342 

-Methylamines, 331. 33 -) 

-Sulphonic Acid, 326 

-Chloride, 326 

Chloretbylamine, 331 
Chlorhydrins. 84, 3 i 9 . 3681 8** 

Chlorides, Alkyl, 134 

-Amide, 28X 

-Imide, 281 

Chlorine, 5 

Chloroiodofumarlc Acid, 515 
Chlorimidocarbonlc Etliyl Esti r, 446 
Chlorisobutyl Methyl Ketone. ^25 
ChlorisocrotoDic Acids, 29O, 297 
Cblorisonitrosoacetone, 409 
Cbloro'amino-propionic Acid, 541 
Chloroamylamine, 331 ^ 

Cbiorobromomalefc Acid, 315 
Chlorobutane Heptacarboxyli* E>b r, 656 
Chlorobutybldehyde, 203 
Chlorobutylamines, 331 
Chlorobutyric Acids, 203, 289 , 374 

-- Nitrile, 289 

Chlorocaffefne, 59X 
Cblorocarbonie Amide 438 
-Ester, 430 

Chlorocarbon-thiolie Ethy Ester, 434 
Chlorocasein, 672 
Chlorocltrimalic Acids, 60s 
Chlorocltric Acid, 622 

Cbloroerotonic Acids, 34, 295 j *88 - *07 304. 4 *^' 
Chloroeyanogen, Solid. 4^^ , 

Chloro-dimethoxy-propionic id. % u » 

Chlorodithfocarbonic Ethyl Ester, 434 
Chlorodithiolactic Acid, 541 1 

Chloroethoxybotane, 3x9 
Chloroform, 72, 94» 222, 235. 846 , 429, 5*0 
Acetone, 222 
Methyl, 284 

-of Crystalllration 24S 

Cblorofiimaiic Acid, 4 ®*^^ . 

Cbloroglutaconic Acid, ••• J*! 

Dialdehyde, 347 
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Ctaloioglutane Acid, S0>, 559 
Chloro^uaiiiDe, 588, 589 
CUorahUptylamme, 331 
Cblorobexylamme, 332 
Chlorohydracrylic Acjd, S39 
Chlorohy Iroxybutyric 4J0 

Chiorohydcoxyisobutync Au'l Nitnle 379 
CbloTohydroxyiaovAunc Aud, '40 
Cblurobydroxypropi xncetaj, 334 
Cbl<iroioiofumanc Acid, 3x5 
Cbloroketoaes and Derivatives 228 340 
Cblotoketostcanc Acid 424 
Chiorolactic Acid, 888, 532 j > i 
Cblorolactone, Hepti aettyi > 
Cbloroma)ic Acid and C^tci ouj, 609 
Cbloromalonit l^ialdihyik 335 
Cbloromaltose, Hupiau tvl, 6di 
Chloromethyl Etbci, 127 

-Furfural 665 

Cbloronitrobutaaol, 344 
Cbloronitroethane, 

Chloronitromctbant, 151 
Cbloromtxopropaui 133 
Cbloronitropropm 344 
Chloronitrosorthaiu 158 313 
CbioroiutrosopiralJiu 133 
Chloronitrosopropaiit, 133 
Chloropbenylliydrirido acetic Ester, 486 
Chloropbosphines, Alkyl, 175 
CnloTopbyll, (>74 
Chlorophyllan, 675 
Chloropicnu, 152, 164, 347, 436,488 
Cbloropropiolic Acid 303 
Cbloropropionacetal 338 
Chloropropionaldehyde, 315 

— Acetal, 215 

Chloropropionic Acid^ 203, 286 330 

-Aldehyde 203 

Chloropropyl Dimethylamme 331 337 

-Alcohol, 3x9 

Chloropyrotartanc Acids 400 
Chlorosuccimc Acid, and I Sii r, 199 bi'> '>22 
Cblorosulphone Acetyl Chloride 377 
Cblorotheophylline, 590 
ChloroUuoncarbonic Ethyl Ester, 4'»4 
Chlorovalerolactone, 428 , 399 

-Carboxylic Ester, 599 

Chloroxalethylme, 484 

Chloroxalomethylice, 484 

Chloroxr those, 129 

ChiOToximido acetic Ester, 486 

Cholalic Acid, 676 

Cholestenc, 677 

Cholesterol 676 

Cholcstrophane, 375 

Cholic Acid 326 

Choline 889 187 530 53 i 

Cbondntin 672 

Chondroglucoproteins 673 

Chortosteiol 677 

Chromate, Acetyl, 272 

Cbromopseudometism, 41 

Cbrysean 436 

Cinebomt ionic Acid, 6x3 

CtncAon* 619 

Cinchoiii Acid, 571, 818 

Cinene, 91 

Clneolic Acid, 606 

I ' - Anhydride 232 

Cistrans Crotonic *07 

Citrahromopyrotariii '(id 300 

Citracetic Acid, 593 

Citrachloropyrotartaric Acid, 2 >7 500 

Citraeonanii, 3*6 ^ 

Citfaco&anilxc Acid, 316 

Cltraconic Acid, 34 * 79 , 89, 407, 618 , 316 

— Alkyl, 408, 519 
Anhydrides, 618 618 Ott 

Citiadibromopyroracr mil Add 297 
Citradibromopyrotartanc Acid, 501 

curat, 315. 938 
Citramaltc Add, 53 ^ 

Cltramide, 61X 
Citraxinte Acid S 93 i 


Citne Acid, Dry Distillation of, axl 
■ Fermentation, 631 
— Acids, 222, 2a7 316 368, 610 , 6 x 1 
CUromyeet^ g/abeil 610 
Lttromi0etei p/fffmanuSt 610 
CiiioneUal, 313 ^ 

—- Acetad, 403 

Cl issihcation of the Carbon Compounds, 68 

(oagulated Proteins, 060 

(odl. Dry DistiJlaiiiiQ of, 71, 79 

Coca All^oids, 342 

Coicus ctrtferus 209 

Cochleana o^malts, 164, 470 

Cocoa Beaus, 589, 590 

Cocoanut Oil, 261, 303,064 

( od liver OU, 300 

Colfce Tree, 390 

ColTf me, 590 

Collidmc, 215. 339 

Colour, 31 

Combination of Cai bn i with other Elements, 1 he 
Direct, 65 

Combustion, Heil of, Co 
Com»wn centaury 03 
Com* usation Hi uUons, 197 
C o K activity, Electric, 58 
(o nferm, 626 
Coaiinc, 424 s 

Convicin, 380 
Convolvolm, 260 fii9 
Conylene, 90 
Copper Fulminate, 330 
copim, 344 
Cork, 506 
Uiiii-cobs, 6 iq 
C otton Seed Meal, 661 

— ^ds 3R7 
Cotton wool 657, 664 
^umahe Acid 399 40X 403, 681 
Coumalin, 309 

Cianbirncs 610 

Cream of Tart ii 603 ^ 

Crejtine, XO4, 387, 455. 466 

Cii-atinino, 43b 

C remor tartan, 603 

Cre oti( Acids o, m , an<i p , 506 

Cto!>^utviete 351 

Ciotun Oil 25(9 
Croton t%gUum 298 

Croumil ammonia, 2x5 , 

CrototiaMehyih 203, 216 312 338, 361 

— Cyanhydrin, 397 

Crotonie Acids 34,2x5,292,896 396,379,408 ' 

-Acid, Ibioethyl, 419 

— Anilide, 398 “ 

Crotonyl Alcohol, 124 

--Peroxide, 296 ' 

Crotonylene, 89 
Crystal lens Globu'm, 670 
Crystalline Liquid 47 
Crystallites, 34 > 

Cutumbers, Pickled, 362 
Cumin, Roman Oi of, 298 
Curare, 344 
Cutrants, 610, 663 
Curlius Biuret Ba e 393 
Cyamclide, 438 480 461 
(yanacetaldehydc 334 403 
Cymacetamidc 443, 489 
Cymacetic Ester A^i lyl, 364 
Cyanacetoacetic E^^ters, 684 , 570 
Cyanacetone, 334 418 
Cyanacetyl Acetonr, 547, 364, 399 

-Urea, 576 620 

■-Hydraxide, 489 

— Acid, 368. 488 
Cyanaconitic Fstor, 6 xs 
Cyanamide, 439 45 Xi 433 i 455 * 458 , 471 
Cyanamidodicaroovyhc, Acid, 445 
Cyananiiine, 486 

Cyanacetone Dlcarboi^Uc Ester, 6 x 3 
Cyanacetyl Dimethyl Urea, 590 
Cyanamlaodithiocarbonic Acid, 467 
CyaxuuBXBoaiiun Bromide, Tritikyl, 47s 
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Cyuethen^AmldoxliM, 489 
Cyanethines, 980 
Cyanetholines, 461 « 

Cyanbydrina, 197,29Z, 240* Aft 
Cyanic Acid» 249. 4 tt 

— — Salts. 461 

Cyanides, 241 ^ 

-. Alkyl, 278 • 

Cyanimldocarbonlc Acid Ethers, 465 
CyanimidodJcarbonic Ester, 445 
Cyanimldodiisosuccinic Ester, 488 
Cyanimidomethyl Acetvl Aceiofic 350 
Cyanisonitrosoacetamide, 251 
Cyanisonitrosoacetobydroxamic Acid, 

Cyanacetic Ester, Cbforacetyl 607 
Cyan^nitic Ester, 6x5 
Cyan&arbonic Esters, 483, 484 
Cyanodlamylamine, 472 
Cyano-dimetbyl'acetoacetic 559, 878 

■ Glutaconic Ester, 521 
Cyanodimetbylamine, 473 
Cyanodipropylamine, 472 

Cyanoform, 592 
Cyanoformic Esters, 405, 484 
Cyanogen (Dicyanogen), 64, 239, 244 488 , 

488 

■ Bromide, 64. 468 
——Chloride, 350 485 * 

— Iodide, 465 
Sulphides, 467* 468 

— Sulphur Compounds of, 466 

— Triselenide, 467 
Cyanoglutaric Esters, 393 
Cyanoguanidine, 457 
Cyano-isopropyl-glutaric Mone^ter, 503 
CyanO'ketO'pyrrolidone, C07 
Cyanomalonic Ester, 592 
Cyanomethazooic Acid, 380 
Cyano>methyl’gIulaconic Ester, 521 
Cyaaopropionacetal, 340, 402 
Cyanopropionic Ester, 481 , 49s* 5^3 
Cyanopropyl Phthplimidornalonic 
CyaiforthoiocmiQ Ester, 483 
Cyanosuccinic Ester, Methyl, 59a 
Cyano-tetramethyl-glutaric Ester, 504 
Cyanothioformamide, 486 
Cyanotriazene, Amino-imino-methyl, 459 
Cyaootricarballylic Ester, Dimethyl, bi 4 
Cyano-trlmethyl'glutaric Eiter 504 
Cyangurea, 445 

Cyanozimidobutyric Acid, 546, 568 
Cyanuramine Chloride, 474 
4 - Dichloride, 474 

-Hydrides, 474 « 

Cyanuramlnoethylamine Cnloride, 474 
Cyanuratc, Tri-sndium, 4O1 
CyanurodiaRlftte Monnehloride, 474 
Cyanuroetbylamine Dichloiide*. 474 
Cyanuromethylamine Dichloride, 474 
Cyanufamidc, 473 
Cyanuric Acid, *t8, 583 

— —, Amides of, 471 
Cyanuromethylaminc-ethylaminc Chloride. 474 
Cyanuric AAd, Dimethyl, 464 

— Bromide, 466 

— Chloride, 486 , 47 Z> 473 

— Halides, 46s 

— Iodide, 466 • 

— Triacetate, 465 

— Tricarbonic Ester, 463 

— Triurea, 465 
Cyclic Esters, 371 

— Sulpbinatrs, 377 
Cydodiaeetone Peroxide, 324 
C^oketones, 504 

■ — Carboxylic Acid^. 305 
Derivatives, 221, 230 
Cycloparafflns, 80 

Carboxylic Acld«, 506, 613, 614 
Cyclopentene Aldehyde, 348 
Ofonlde, 402 

Cvclotrlacetonf Peroxide, 224 
Cysteine, 576, 841 
Cystetnie Add, 34 * 

VOL. h 


Cystine, 390, 340. 841 , 68 y 

-, Diglycl, 543 

Cystinuria, 333, 34 
Cytosine, 373. •y*. 872 


Dawu$ ea^oia, 676 
Decane Dicarboxylic Add, 322, 807 
Dccametbylene Diamine, 333 
-Glycol, 313 

— Imines, 333 

Decenyl Glvcerol Dimethylin, 332 
Decyl Alcohol, Z07 
Decylic Add, 262 
Decylenic Add, 299 
Dehydracetic Add, 270, 417, 475, Bt| 

— Derivatives, 369, 599 
Dehydrocbloralimides, 2x2 
Dehydromucic Add, 633, 884 • 
Dehydro-undecylenic Acid, 888 , 304 
Dekamethylene Diamine, 334 
Density, 45 

De&motropy, 38 
Desoxaiic Add, 621 
Dcsoxycafielne, 388, 881 
Dcsoxyfulminuric Acid. 231, 864 
Desozyguaninc, 388 
Desoxyheteroxantbine, 388, 580 
Desoxyparaxanthine, 368 
Desoxytheobromine, 589 
Desoxytheopbylline, 588 
Desoxyzanthine, 388 
Determination of Carbon, 3 
-of Hydiogen, 3 

■ ’-of Nitrogen, 6 ; Dumas* method, 6; 

Kjeldabl's method, 8 Will and Varrentrap*8 
method, 7 

-of Phosphorus, 8 

— of Sulphur, 8 

of the Halogens, 8 

-of the Molecular Weight by the Chemical 

method, zo; from the vapour density, 11; 
Victor Meyer's method, 12 ; of substances 
when in solution, 13; by means of Osmotic 
Pressure, 13; plasmolytic method, 13; from 
the lowering of the vapour pressure or the 
raising of the boiling-point, 14 ; Beckmann's 
method, 15; from the depression of the 
freezing-point, 15; Beckmann's method, 17; 
Eykmann's method, 17 
Dextrin, 1x3, 625, 632, 649, C60, 661, 668, 664 
Dcxtro-compKiunas. Set Gluco-compounds 
Dextroheptose, 637 
Dextrolactic Acid 364 
Dcxtronic Add, 649 
Dextrosamin^ 636 
Dextrosaininic Acid, 636, 637 
Dextrosaminozime, 637 
Dextrusazone, 629, 888 

Dextro^, 1x3, 34x, 363, 334 - ®* 3 » 6x4,630 

888 , 636, 640, 653. tbn, 66 i, Ccj 
~ ‘Acetone Compounds, 634 
-Anilide. 628 

— Benzyl Mcrcaptal, 634 

— Carboxylic Acid, 651 

-Substituted, 633, 634 

Dextrosimine, 636 
Deztrosone, 633 
Dextroso-ozime. 634 
Dextrotartaric Acid, 603 
Diacetic Acid, Malonic, 614 
—• — Sulphonc. 377 

—— Ester, Dibromacetone, 57* 

—> Sucdnic Ester, 351 
Diacctln, 530 
Diacetoacetlc Ester, 547 
Diaretoadipic Acid, 609 
Diacetobutyric Methyl Ester, 54® 
Diaccto-dimethyl-pimchc Acid, 6x0 
Diacetofumaric Acid, 610 
Diacetoglutaric Adds, Esters, 609 
niacetohydrazine sym., 278 
Diacetoisobutyric Ester, 548 
Dlacetonanrine denvUives of, 230 

2 r 
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DUcetonc, Adonitol, 616 

— AVabinose, 628 
—— Alcohol, 430, 848 
—— Alkamine, 330 

-Arabitol, 6x6 

-Dextrose, 634 

~ Dulcitol, 624 

—~ Hydrozylaminv, 881 , 344 

-Oaalyl, 597 

Diacetopropionic Esters, 548 
Diacetosuccixiic Acid, 609 
Diacetoxymalooic Ester, 563 
Diacetyl Acetoacetic Estir, 355, S8f 
-Acetone, 537 

— Acetylhydrasone, 355 

-Aldol of, 397 

« ■ ■ Bromoglucurotactoao, 65a 

-Butane, 332 

-Creatine, 456 

— Cyanide, 409, 550 

— ■■■ Diaminosuccioie Diethyl 605 

— Diamlnovaieric Ester, 055 
■ Dihydroxyaretic Acid, 400 

■ DihydroxyiualeTc Acid, boft 
. Diiminoadipic Ester, 427, OOi 

■ ■■■ ■ Diketoadipic Acid 635 
—^— Diozimc, 354 
—Isosacchanc Ester, 655 
— ■ - Mannosaccbarolactonc, 653 
■I Mcsotartaromtnle, 603 

-Orthonitric Acid, 156 871 

— Osaroncs, 356 

-pentane, 352 

-Pentane Dioximc, 353 

-Propane, 352 

-Pyroracemic Acid, 599 

-Racemic Anhydride, 602 

-Semicarbazone. 355 

-Succinic Acid, 609 

-Tartaric Acid and Derivatives, 602, 604 

— -Anhydiide, 565 604 

-Urea, 442 

Diacctyleue Carboxylic Acids, 323 

— —- Glycol, 316 

Ethane, 3SI 

-Ethylene Di.nnine, 333 

-Glutanc Estti. 332 

-Peroxide, 273 

Diacelylenes, 91 

Diacetylhydrazone, 333 
Diacipipcrazine, 391. S 98 , 541, 343 

— Diacctamide, 555 
—— Diacetic Ester, 555 
Dlalanine, Aspartyl, 556 
Dialdan, 338 
Dialdchydcs. 30<), 346 

— NitroRcn-nnilaining derivatives of the, 353 
Dialkyl Acetic Acxis Ureidcs of the 442 

I ' ArMiie Derivatives, 177 
—— Ethyl I’-slrrs, 366 

. Glntaric Acids, 502 

. Hydantoins, 443 

■ - Hydrazines, 160 
— Hydroxy-Acids, 369 

Nitramincs, 109 , 170 
- Peroxides, 129 
—^ Phosphinie Adds, 774 
Pyrrodiazolrs. 278 
Sulphocarbamic Cliloridcs, 434 
—Thiocarbamic Arid Chloride, 450 
Thiodiazoles 278 
. Ureas, 170, 440 
Dlalkylamine Sulphonic Acid. 159 
JL—Oxychlorophosphincs if>8 
Dialkylamino-acatonitrdcs 38K 
Dtalkylamlno-acryUc Esters, 420 
DfalkyUminochtorophosphines x68 
Dialkylaminosulphocblorophovphines, x68 
Dlalkylene Dilmlnes, 336 
Dlallyl, 81 . 597 ^ . 

•»— Aootie Add. 306 

Acetone, 223. 955 

— Butyrolactonc, 399 

Carbinnli. tss 


Dlallyl Malonlc Acid, 818, 399 
—• Sulphocarbam'de, 439 

— - Tetrabromidfx, 91 

-U|ea$, 440 ^ 

Diallylm, 531 • 

Dialuramide, 378 
Dialuric Acid, 444, 879 a 

Diamide, 169 * 

Diamido-oxalic Ethers, 486 
Diamidopyrazole. 489 
Diamines, 133 
Diaminoacetic Acid, 402 
Diamiiioadipic Acid, 606 
Diaininoazelafc Acid, 606 
Diaminobutyric Acids, 342 
Diaminobutanc, 888 
Diatninocaproic Acids, 303, 334, 648 
Diaminodietbyl Sulphone, 331 
Diaminoethyl Disulphide HydrocblOride, 331 
-Ether, 330 

Diaminoguanidine, 459 
Diaminobexanes, 333, 334 
Diaminobydrocyanuric Acid. 474 
DiaminomalouainidG, 563 
Diaminononane, 334 
Diaminooctaue, 334 
Diacninopentaiics,3^3, 334 
Diaminopimclic Acid, 600 
Diaminopropanul, 533 
Diaminopropjonir Acid, 54a 
Diaminoprupioiiyl Diaminopropionic Ester, 342 
Diaininopyrirnidine, 584 
Diaminoscbacic Acid, 334, 606 
Diaminosubcrio Acids, 334, 606 
Diaminosuccinic Acid, 60s 
Dtaminosulphoaal, 331 
Diamino-tribydroxy-dodecanoic Acid, 672 
Diaminouracil, x, 3, 586, 388, 590. 392 
Diaminovaicne Acid 342 
Diamylene, 8^ 

DiaailidO'Oxalic Ether, 486 
Diamlinomalonic Ester, 363 * 
Dianilinonitropro])ano, 533 
Dianiimo-propanul, 533 
Dianilinosuccinic Ester, 60s 
Diars'ne, Tetralkyl, x76 
Diastase, X13, 658, 660. 661, 663. 077 
-Malt, 660 

— Pancreas, 658 

Diazoacetic Acid and Ester, 169, 408 , 419.* 509 
Diazoacetoacetic Ester Anhydride, 543 
Diazoacetyl Glyciaamide, 404 • 

-Glycine Ester, 403 

—^ Glycyl Glyriiip,‘403 
Diazoaminomctlianr, 169, 171 
i^tazobenzene Sulphonic Acid, 194* 

DiazonaEc'inc, 391 
Diazomino-paraffins, 169, 171 
Dtazo Compounds, Alkyl, 170 
Oiazoetbane Sulphonate, Potassium, 17a' 
Uiazoethoxane, 138 * 

Dlazoguanidine Cyamide. 459 
Diazoimides, Alkyl, 271 
Diazoisocaproic Ester, 420 
Diazometbane, 167, 169, r 97 > 818 , 418, 400 

-Diaulpbonatr, Potassium, 454 

Diazoparamns, 213 , 

Diazoptporizine, S 43 
Diazopropionic Esfrrs, 410 
Diazosuccinamuie Methyl Ester, 567 
Diazosucoinic Ester, 607 , 605 
Diazotetronic Anhydride, 543 
Dibarbituryl Methylamine, 378 
Dibenzai, Pentaerythritol, 397 
■- Carbohydrazide, 447 

. - Carbohydrazidine, 486 
-DiamlQORUanidine,459 

— Dulcitol, 624 

Dibenzoyl Ethane, 495 

~ Ethylene Diamine, 322 
Dibromacetaldehvde, 87, 808, 347 
Dlbromacetle Acid, 888 , 309 
Dlbromacetoacetic Esters, 480, 344 
Dibcomaeetone, 348 
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DlbromaMtone Diacetic Ester. 571 
Dibromacetvl Bromide, 97. its 
Dibromaciyiic Acids, fii, 429 
Dibromadipic Acids, 606 
Dibromethvi Ketol,*536 
Dibrombydrlns, 329 
Dibromisobutyric Aiid, 297 
Dibromlsoheploic Acid, 423 
Dibromobarbituric Acid, 576, S 7 i 
DibromobuUue, 323 
Pibromobuteno X.actones, 398 
Pibromobutyl Ketone, 225 
Dibromobutyric Acid?, 288 , 296, 297 
Dtbromobulyronitrile, 297 
Dibromocrotouic Acid, 297 , 304 
Dibromodiacetyl, 349 
Djbromodifthylamine, 331 
Dibromoflutfacotic Acid, 288 
ptbromogluTaric Acids, 502 
Dibromoglyoxime Peroxide, 230 
Dibromobexane, 323 
Dibromokctoues, 225 
Dibromolavultuic Acid, 42$ 

Dibromomaieic Acid. 816 , 606 
- Dialdehydo, 347 

Dibromomalonic Acid and Derivatives, 489 
Dibrofflomalonyl Urea, 379 • 
Dibromomethane Diethyl Sulpboii". 434 
■ ■ - Methyl Ethyl, 225 
Oibromometbyl Btber, 207 
Dibromonitroacetonitrilf*, 250 
Dibromonitrometbane, 18I. 247 
Dibromopentanes, 90, 321, 323 
Dibromotumaric Acid, 3x5 
Dibromopiinclic Acid, 306 
Dibromoprupiontc Acids, 215, 288 , ^94. 318 
Dibromopropylene, 90, 124 
Dibromopyrotartaric Acids, 501 
Dibrooiopyruvic Acid, 408 
Dibromostearlc Acids, 301 
Dibromosucrinic 

- * Aldehyde, 347 

Dibromotetronic Acid, 344 
I>ibutyryl, 216 , 349 
Dicaproyl, 350 

Dicarboxyaconitic Pcntainethyl Ks*« i, 622 
nicarboxycyclohexcnouc Acetic Esttr, 420 
Dicarboxygliitacouic Ester, 3bx, 816 
Diou^xyglutaric Ester, 613 
Dicarboxylic Acids, 306, 310. 37V 3 i 5 

--Sulphur Derivative'', 37 <'. '}77 

— Aaides, 332 

—- Oxides, Higher Ketone, 3 7 “ 
Dicarboxy-mcthyl-tiicarballylic Eatn. 622 
Dicarboxytricarboxylic Acids, 622 
bicarboxyv^erolactone, 612 
Dichloracetal, 20Z, 203, 205 
OicMoracetaidehydc. 87, 208 , 347 > 
Dichl^racetic Acid, 287 , 309 
Dichloracetoac|tic Esters, 224, 421 ) 
Dichloracetone, 824 . 348, 329, 534. 
Dichlorac^lic Acids, 293 
Dichloradenine, 388 
Diehloral Peroxide Hydrate, 204 
Dichlorethers, 128 , 203, 319, 338 
Dichlorethyl Alcohol, 117 , 337 
Dichlorhydrins, 123, ^24, 829 
Dlchlorisobutyl Ketone, 225 
Dichlorisopropyl Alcohol, 338 
Dichlorobutene Lactone, 398 
Dichlorobutyric Arid, 888. 296 
Dichlorocrotonic Acids, 287 , 304 
DicblorohydantoTn, 442 
Dichlorohypoxantbine, 388 
DichloroketoneSt 223 
Dichlorolactic Acid, 368 

DlchloromaleTc Acid and Derivatives, 614 , 606 
Dichloiomaleln Anil and Derivative-., 498* 

—^^Dianil, 3Z4 

Dichloromtletnlmidc, Derivatives, 497, 514 
Dichloromalonie Add, 489 
Dichlorometbaae. Sff Methylene Chloride 
Mnnnsulphoale Acid, 947 


Dicbloromethane, Substituted, 825 
Dicbioromethyl Alcohol, 247 

— Ether, 111 , 127, 287 
Dichioromethyla), 203 
Dicbloromonacctin, 530 
Dichloromuconic Acid, 322 
Dicbloronitrosocthane, 153 
DiebJoropentane, 321. 821 
Dichloroplnocolioe, 348 

Diuhloropropane, 136 C 53 ^ 

Diubloropropionic Acids, 888.* 294, 295, 407, 3x8, 
Dichioropropyl Methyl Ketone, 89 
Dkhloropropylene, X24, 203, 2x3 
Dicbloropuriue, Methyl, 590 

-Oxy-, 587 

Dichlorosuccinic Acid, 300 
Dicbloroxalic Esters and Derivatives, 482 
Dicyanaevtoacetic Esters, 564, 808 . 818 
Dicyanacetyl Acetone, 399 
Dicyandiamide, 433, 487 , 472 
Dicyandiamidine, 457 
Dicyanisovaieric Ester, 393 
Dicyanoacetoacetic MaJonic Ester, 653 
Dicyano-bis-acetoacetic Ester, 653 
DicyanO'bis-acetyl Acetoue, 647 
Dicyano-bis-malonic Add, 633 
Uicyano-diacetyi Acetone 399 
Dicyaiiogen, 483. Sett also Cyanogen 
Uicyanoglutaconic Ester, 6x3 
Dicyanomalonic Acetoacetic Ester Lartam 

655 

Dicyanomalonic Esters, 612 
Dicyanopelargonic Kstrr, 593 
Dicyanopropionic Acid and Ester, 379, 88A 
Dicyanosuccinic Esters, 489. 6x4 
Dielectric Constant, 53 
Ui-epi'iodohydrin, 333 
Dicthoxyacetic Acid, 401 
Dietboxyacetoacetic Ester, 334, 398 
Diethoxyacrylic Ester, 489 
Diethoxybulync Acids and Esters, 848 , 349, 412 
418 

Difthoxymalonic Ester. 563 
Dietboxymcthylal, 203 
Diethozypropjonic Acids, 347, 401 
Dietboxyauccmic Acid, 360 
Diethyl Acetamide, 278 

-Acetic Acid, sOi, 369 

■ ■ Acetonitrile, 280 

-Acetyl Chloride, 271 

-Acetylene Glycol Dipropionatc, 315 

— Alloxam, 379 
-AUyl Carbiiiol, 124 

— AminoaceConn, 344 

-Aminoacctonitiilc, axz, 888 

-Aminomethyl Sodium Sulphite, aix 

— Ammomcthylcne Acetate, axx 
—- Arsenic Acid, 178 

-Barbituric Acid, 576, 877 

-Borine Chloride, 180 

-Butyrolactone, 878 , 495 

-Carbinol, 1x9, 121 

— Chloride, Tin, 182 

« Cyanacetamide, 443 
—— Dinitro-ozaroidc, X84 
—Dlthlophosphinic Acid, 175 
Hydroxybutyric Acid 371 
— Ethane xetracarboxylic Ester 6x9 

— Ethylene Lactic Acid, 371 
. Ethylidene Lactic Acid, 366 

—— - Formal, 205 

■ Gliitaric Acid, 304 

-Glycidic Ester, 340 

-GlycocoU, 387 

-Glycollic Acid Nitrile, 379 

HydantoTn, 442 , 444 

■ ■ ■■ Hydroxides, Thallium, 188 

^ Hydroxylamine, x 72 
■ Ketone, xo6, 288 

— - Semicarbarone, 228 

Magnesium, 184 

— Maleic Anhydride, 3x6, 5x9 
—^ Malouie Acid. 491 

— Acid Nitrite, 494 
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IMetbjl Malonuric Acida. 377 
—— Majooyl Thiourea, 577 

■■ ■ -Cretbaue,577 

— ' ■ Methyl Ethyleuc Nitrosale, 343 
— ■ ' Nilramine, 169 
-Nitrosamine, z68 

— ■ ' Oxalic Acid, 366 

Oxalyl Acetoacetic Ester, 569 

— Oxaniic Acid, 483 
—— Oxamide, 484 

— ■ ■ Ozamethane, 485 

— Ozetooe. 535 
—— ■ Oxide, Tin, zSa 
-Peroxide, 130 

—— Pseudouric Acid, 578 

— Silicon Compounds, r8i 
' ■ ■ Stannic Oxide, 183 

Succinic Acids, 494 
'■ Sulphate, 136 

— Sulphite, X4Z 

■ ■ ■■ Sulphocaibamidr, 452 

■ Sulpbone Dibroini i.; -thanr, 434 

■ - Methyl EthyJ Mrthanc, Z2>' 

— Tetraractliylcuc Ketone, 503 

— Tin, 182 

—— Urea Chloride, 438 
—— Ureas, 440 

- Violuric Acid. 580 

— XauthochcIMonic Ester, 621 
Diethylatninc, 105 

Dietbylamine, Acetic Ethyl E^tcr. 387 
Dletbylaminocbloroborino, x68 
Dietbylaminochlorophosphiac, 162, lea 
Dietbylaminochlorosilicinc, 162, 163 
Diethylaminopropionilrile, 38*) 
DiethyUminosuIphochlorophosphim*, i '>8 
Dictbylaminoxychlorophosphine, 16& 
DietbyJcne Diiminc, 336 

— Disulphide, 324, 323 

-Thetinc, 377 

-Disulphone, 325 

-Glycol, SIS, 31O 

Diethyleneimide Oxide, 330 

— Oxide. 3x2, » 1 « 

-Sulphonc, 331 

-Tctrasulpbide 325 

Dietbylhyclrazino, Difoiiuyl 239 

-, Thiouyl, 170 

Diethylbydrazincs, zyo 
Diethyhn, 531 

Difluoretbyl Alcohol, 288 

-Itromidr, 288 

Difluoracctic Acid 288 
Diiorum, 530 

Diformacctal, Adonitol. 6x6 
Difonnal Peroxide Hy>'icile, 203 

— Tartaric Acids, 604 
Diformaldchydc, 199 

- Peroxide Hydrate, 129 

- Uric Acid, 582 
Difbrmyl, 346 

— Diethylhydrazme, 239 

— ■ Hydrazine, 170, 239 
Diglutaeonic Acid, 520 
Digiutaric Arid, 666 
Diglycerol, 663 
Diglyclde, S 3 * 

Diglycl Cystiur, 443 
Diglycocoll, Ox.ilyl, 4R-1 
Diglycollamic A^ul, 378 
DiglycoUatnide. 37H 
Diglycollic Arid, 3 ^ 3 . 867 . 378 
Dlglycollide, 3^7 ^ 

X^lycollimide, 378 
Diglycolyl Diamide, 392 
IMclycyl Glycine, 

> Carboxylic A<. 1, 437 
Dihalogea Aldehydes, 203 
-— Propancf, 3*8 
Dthaloid MalonJo Acids, 363 
Dohalohydilns, W 
Dihtdric Alcohols. 307 
Olhydfocholaitetol, 67® 
X^ydro*m*x 7 lot. 69a 


Dihydroresorclnol, 434 
Diiiydrotetrazine, 405 
Dihydrorcsorcyl Propionic Acid, %ft 
Dinydrotrimesic Afid, Methyl, 408 
Diuydn^yacetic Acid, 400 
Uiiiydroxyacetune Glycerol Ketone, 934 
Dihydioxyacetyl Dimethyl Acetic Acid Lactoae» 
546 g 

Dihydroxyadipic Acids, 348, 699 
Dibydroxybehenio Acid, 539 
Dihydroxy-butyi-metbyl Ketone, 334 
Dibydroxybutyric Aci<^, 296, 699 
DibyUroxy<dibydro-metbyl'hcptenone, 534 
Dibydroxy-dimethyl>acetoacetic Acid Lactone, 
421 

Dibydroxy-dimetbyl'glutarie Acid, 606 
Dibydroxyethylaminv, 328, 960 , 388 
Dibydroxyetbyi Diketopiporazine, 341 
Dibydroxyethylcne Succinic Acids, ^9 
Dihydroxyglutaric Acids, 603, 606, m 2 
Dibydroxyguanidiiie, 439 

-azo-body, 459 

Dihydroxyisobulyric Acid, 539 
Dibydroxyiso-octylic Acid. -^39 
Dibydroxyketona Dicarboxylio Acids, 621 
Dihydroxyketosucciuic Diethyl Ester, 008 
Dihydroxymaleic Acid, 337, 606 
Dihydroxymalonic A-cid, 562 
Dihydroxy-olcliiie Carboxvlic Acids, 606 
Diliydroxypropanc Tricarboxylic Acids, 605, 622 
DiUydroxypropionic Acid, 538 
Dihydroxypropyl Malouic Acid, 599 
Dihydrozypyriainc Carboxylic Acid, 61 x 
Dihydroxypyriniidinc, 573 
Dihydroxysebaiic Acid, 606 
Dihydroxystearic Acids, 901, 539 
Dihydroxysubeiic Acid, 348, 606 
Dibydroxyl^rtaric Acid. 607 
Dihydroxytricdrbozylic Acids, 631 
Dihydroxyundecylic Acid, 539 
Dihydroxyvalcric Acid, 339 
Dihydioxyvalorulactone, 598 
Dibyroracemic Acid, Acetone, S7i 
Diimide, 447 

Diimido-oxalic Ether, 486 
Diimido-oxalyl Dimalonic Ester, 488 
Diiint.lo-tclra-acctyl Butane, 330 
Oiiminoadipic Ester, Diacetyl, 635 
Diiminobarbitunc Acid, 376 
Diiminobutane, Tetracetyl, 647 
Di'iodhydrin, 329 o 

Di'iodoacetamldc, 404 
Di-iodoacetlc Acid, 990, 404 
l)i-iodoacetone, 225 
Di'iodoacrylic Acids, if93 
Di'iodoetbers, 189 980, 330 
Di-iodoetbylcnc, 97 • 

Di-iodofumarlc Acid, ST3 

Di'iodomalonic Acid, 489 1454 

Di'iodomethaoe Disulpbonate, Potassium. 434. 
Di-iodomethyl Ether, 207 
Diiodopurlne, 584 ' 

Diisethionic Acid, 326 
Diisoamyl Arsenic Acid, 178 c 

Diisoamylarsine Compounds, 178 
Diisoamylene, 85 
-Oxide, 318 

Diisobutyl Acetylene Glycol Dilsovalcrate, 3x0 
Dilsobutylaminochloroarsiuc, x68 
Diisobutyiaininochloroborine, z68 
Diisobutylaminochlorophosphlne, x68 
DtisobutyUminochlorosUicine, x68 
DtUobutylamlnosuIpbocblorophosphine, z68 
Diisobutylaminoxycblorophospbine, z68 
Diisobutyl Carbylamine, 165 

-GlycollicAcid 360 

■ ■ - Ketone, 223 
Diisobutylene, 83 
Dtisobutyryl, 349 
Dlisocrotyl Oxide, 3x8 
Diisomtramines, 154 
Dllsonltrosoacetone, 534. 189 
Dilsonltramlnes, 2x0 
Diisonitrosobiityric Ester, 547 
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DiUoaltroiopcoplonic Add, 54s 
Diiflonitroio^ucclDyl-tucdniclEster, 567 
Diisopropenyl, 91 4 

DUsopropyl Ketond) 333 
—Oxalic Add, 366 

Sorbic MethyMKetone, 33a 
—— Sucdnlc Acid, 494 
DUsopropylidene Sucdnlc Add, $22 
Dilsovaleryl. 349. 316 
—Glutaric Acid, 523 
Diketoadipic Carboxylic Adda, 633 
Diketobehenic Add, 304 
Diketobutane, 349 
Diketobutyl Alcohol, 336 
Dlketobutyric Add, 546 
IMketobutyrolactone Phenylhydrazonc, 545 
Dilcetoearotf yllc Adds, 546 

— Peroxide, 547 
Diketobexametbyiene, 493 
Diketone Dicfalondes, 350 
Diketonet, 306, 148 

— Nltrogen-coDtaining derivatives ol the, 
35 $ 

— Oxlmei of, 354 

Diketopimellc Adds, 503, 609 
Diketostearic Add, 304 • 

Diketosuednie Esters, 60S 
Diketovalerlc Acid, 347 
Dilactyl Dianude, 392 
Dilactylic Add, 367 
Dilavulinic Acid, 6zo 
Diliturlc Acid. S 77 
Dimalonlc Acid, Oxalyl, 655 

— Adds, 613 
DImethoxyacetone, 534 
Dimethoxycbloropyrjmi'line, 374 
Dimetboxyheptane’4K>l, 332 
Dimetboxymethylal, 305 
Dimethoxypyriinidine, 374 
Dimethyl AcetaL 305 

Acetic Ado, 3481 969 
■ ■ ■ Acetoacetic Acid, 430 

— Acetobutyric Acid, 424 
Acetooyl Acetone, 423 

— Acetone Dicarboxylk hsUi® 423, 56J 

— Acetyl Pyrrole, 493 
Aci^lic Acids, 391, 998 

•—5 Adipic Adds, 505 

- 2 Alloxans, 575, # 79 , 580 

' - - AUyl Acetyl Acetone, 229 

— — Carbino), 134 

— Amido*acid, 537 

— Aminoacetonc, 344 

— — - Aminobutaue, 165 

— — Aminoibutyric Methyl Ester, 394 

-Angelic Lactone, 399 

■■■ ■■ A'*AngeUc Lactone, 398 
—oArsemous Acid, 176 

— Arsine, 177 

—- Trldiloride, 178 

— Aticgnic Acid, 3x9 
— Azicinane, 335 

— Barbituric Acids, 376, 97 ? 

—- Bisbydrazimothylcne, 355 

Bromide, Thallium, x 88 
—~ Butane Tricarboxylic Acid, 594 
—Butanonal Add, 348* 

— Butyrolactam, 396 

*— Butyrolactone Dicarboxylk E-ler, 6x3 
~ Butyrolactones, 874 , 630 
—^ Carblnol, xx 7 
—~ Chloride, Thallium, z88 
—^Cbloromlne, 164 

Citraconih Anhydride, 318 
Coumalic Aud, 571 
Coumalln, 399 
Cyanamide, 47a 

* Cyanethane Dlcarboxylic Ester, 494 
—Cyanoglutaric Ester, 393 
I — Cj^moproplonic Ester, 498 

Cyaaosaednie Estezs, 498, 999 
— Cyanurie Adds, 464 

— Cydobutanone Carboxylic Ester, 589 
•— DMMtyl Aeetoae, 597 


Dimethyl Diaeetyl Pyrazine, 59* 

— — Racenuc Ester, 603 

— Dlbtomohexane, 91 

— ' ' Dicyanoglutaric Ester, 504 

■ ■ ■ Dicyano-methyl Ammonium Bromide, 388 
Diethyl Ammonium lo^de, x66 
—■ — Dinitrofthane, 135 

- ■ — Tetrahydrofurfurane, 3x8 
-Dihydroxyadipic Acids, 606 

— Dibydroxyheptamethylene, 332 
■ ■ Diketone. 349 

■ ■ Ethane Tetracarbozylic Ester, 6x9 

— -Tricarboxylic Ester, 494 

— Ethoxypyrimidine, 283 
Ethyl Acetic Acid, 361 

_ _ _ Derivatives, 371, 380 

— — Betaines, 387 
-Carbinol, 83, IX 9 * *2** 1*1 

- . ■ Ethylene mirosochlo. I , 345 

-Hydracrylic Add, 371 

— Ethylene, 

-Oxide, 318 

-Formocarbothialdine, 430 

-Fumaric Add, 319 

-Furazane, 333 

-Furfurane, 351 

—~ Glutaconlc Adds, 531 

-Glutaric Adds, 608 , 504, 521, 593 

_— _ _ Bromo-denvalives, 503 
. ■ —— I Derivative, 424 

-Ester, 506 

-Glutolactonic Add, sax 

■■ '• ■ Glyciclic Acids, 610 , 6X3 
—— GiycocoU, 387 

-Glyoxal, 549 

-Glyoxime Peroxide, 335 

Hydantolns, 443 

— Hydracrylic Add, 370 

— Hydrazines, 170 

- Hydroxyglutaric Acids, 560 

-Hydroxypropiomc Acid, 339 

■' ■ - Hypoxanthine, 589 

— lodamine, 167 

— • Iodide, Thallium, x88 

—- IsopTopciiyl Acetic Acid, 371 

.. ■ ■ Isopicmyl Ethylen#* Lactic Acid, 371 

-FulKcnic Acid, 532 

— Tsox izolcS, 854 , 355 
—— Iiaronic Adds, 5x8 

— - Keiazine, 228 

— Kctenc, 336,390, 471 
-Kotol, 841 , 343 

■ - — Ketone, 233 

-Ketopyrrolidone, 431 

■■■ ■■ Laovuhnic Adds, 398, 488 

-Methyl Ketone, 353 

-Magnesium, X84 

— Maleic Anhydride, 5x8 
-Malic Acids, 4*1, 668 

— -- Malonic Add, 29(), 401 
-Mesaconic Acid, 519 

— Methylene Dithioglycollie Acid, 378 

■ ■■■'— Nitramine, 169 

— Nitrosaminc, 168 

— Phenyl Pyridazolone, 424 
—- Oxalacetic Estei, 567 

Oxalic Acid, 365 
- Oxamic Acid, xGz 

— Oxamide, x 6 i, 484 
■ s Oxetonc, 335, 686 

— Oxycbloropurine, 500 

— Parabanic Acid, 375 

■■ Paraconic Acid, 318, 508 

-Pentaglycerol, 528 

—— Phosphmlc Acid, 173 

■ Pimelic Adda. 30O 

— Piperidine, x 67 ^ 

-Propane Tricarboxylic Esters, 39$ 

-Tetracarboxylk Ester, 504 

-Pseudouric Acid, 578 

I - pyrazolidine, 335 
Prridone, S 99 
>yrone, 59 ? , . 

^ Add« 40 * 
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Dimethyl Pyrrole, 55a 

-pyrrolidines, 333, 396 

-Racemic Acid, 408, 801 

— Semicarbatide, 447 

— Sorbic Acids, 305, 306 
—— — — Methyl Retone, asa 

■ » Stannic Oxide, 183 
—— Succinanil. 498 

-Succiuamlic Acid, 497 

-Succinic Acids, 49^ 

■ - ■ — — —-Derivatives, 494 \*if> 499 

— —-Esters, 315, 405 

-Succinimide, 498 

-Succino-nitrile Acid, 

— Succinyl Chlorides, 4*3, 495 

■ Sulphate, 188 , 158, /uf. 266 

-Sulphite, X40 

-Sulphurous E^tcr, 140 

-Tellurium Oxide, 14K 

— Tetrahydroiurturane, 318 

— ■ . Tetrahydropymne Dh nrboxyli* Ester, 
6ax 

-* Tetramotlivlcnc Glycols 313 

—— - - Ketone, 503 

— Oxide, 318 

— Thcline. i 77 

-Dirarboxylie Acid, 377 

■■ ■ - Tbiosemicarbazidu, 434 
-Thioun as, 4.5Z 

— - Tnaretie, 171 

-Tricarballyiic Acids. 898 , 6ia 

-Timiethylenc Glycols, 314 

-Uraties, 575 

■ Uramil, 878 , 580 

-Urea Chloride, 438 

—Malonyl, 576 

■ ■■ Uric Acids, 888 , 589, 390 
-Valcrolactoues. 375 

-Vinyl Hydrarrylk Acid, 398 

-- — Succinic Acid, 5^0 

- Xanthines, 588, 589 

—— Oxypurine, 589 
Dimethytainine, 139. 165 

-Carboxylic Iist< is 393, 394 

-Hydroxyethyl. 329 

-Ethyl Ether, 330 

DimelhyUminoaretic Methyl C^ter 387 
DimethyUxninoacPtonitrtle, J8T 3K8 
Dimethylene p-Dihydrazinophenyl, 198 

- Dulcitol. 624 

-Galactonic Acid, 650 

■ • Glncoheptonic Lactone, 651 
-Gluronic Acid, 649 

-Imine, 333 

-Rhainnitol, 6t6 

-Sucnriie A< id, 32a 

Dimcthyl-hydroxy-pyiozole. 537 
Dimethyl-miro-o-hydroxy lu a. 448 
a,6'Dimethyl-octaiie-3'Oue Acid, 424 
Dimethoxysucrmic And, 604 
Dimyncyl. 70, 77 . 122 
Dinitroaretic Ester, 402 
Dinitroalkylamines, 339 
Diniirobromobrnzf n'\ x6a 
Dinitrobutane. 133 
Dinitrocaproic Acid, 420 
Dinitrodilsoamyl, 

Dinitrodiisobulyl. 155 
Dinitroethane. 135 
Dinitroethyl Methyl Ether, 136 
Dinitroethylic Aad. 172 , 187 
Dinitroglycerines, 530 
XUnitroglycoIuril, 441 
Dinitrohexane, 155 
Disiibromethane, 188 , 156, 339 
ZMftttrO'Oxamide, Diethyl. 484 
Dialtroparaffias, 164 , aig. 219 
Dinltropropanes, 188 , 239 n 3 « 3^0 
DizUtroaodiisopropyl Aceiotie, 231, 335 
Dinltrosoisopiopyl Acetone, 555 
DintFOsopentamethylene Tetramine, axi 
Dlntitrotartarie Acid, 604 
Dinitrotriiodoetbylene, 132 a 

Dinitrourea, Btb^^ne, 441 


Dinotroetbylk Acid, x7t 
Dioetyl Acetic Acid, 361 
Dioletines, 65, 80,^66 
DiozoniScs, 9O1 91 
Diolctine Alcohols, 123 * 

-Aldehydes, 215 

— Carboxylic Acids, 303 • 

—• Ketones, 228 

- - Lactams, 399 

Dioxalio Ester, Acetone, 621 
• Acctonyl Al' lone', 655 

Dioxalosuccinic Ethyl E'>ter, 056 
■■ ■ > Lactone Ethyl Ester, O56 
Dioximidosuccijin Acid, 364, 808 
—— Ester, Peroxide ot, 403 
Dioximidovaleric Acid, 54O 
Dioxoallene, 488 
Dioxopiper.izine, 391, 392 
Dioxybutync Acid, 296, 539 , 546 
Dioxypunne, 588 

-Amino-derivatives, 589 

Dioxypyndine, 520 
Dioxypynmidiue, Amino-, 58b 
Diuxyvaleric Acid, 547 
Dipaimitin, 530 
Dipentenc, 91 

Dipcntyl Ethylene 6lyc<»l, 314 
Dlpeplides. 890 . 391, 403, 54s, 343 » 671 
Dipeptones, 671 
Diphenyl Uutyiolactooc, 495 

— Dietliylene Diamim 336 
Dipiperidyi Piperazoniuin Bromide, 337 
Dipivaloyl, 350 

Dipropargyl, gx 

Dipropionic Acid, a-Sulphone, 377 

— Acid, Mercury, 289 

— —, Oximidoacetone, 571 
Dipropionyl, 818 , 349 

— Cyanide, 489 , 530 

Dipropyl Acetylene Glycol Dibntyrate, 313 
—— Aminochloroborine, 168 ^ 

■ ■ Aminosulphochlorophob'pliiiie, x68 

— Barbituric Acid, 570 

— Bioinide, Thallium. 188 

—- Cartjoxylic Ester, Ethane, C53 
Chloi.unine, 167 
— Chloride, Thallium, 188 
-- - Ethylene Glycol, 314 
—- Hyilroxyldiuine, 172 
——• ludule, Tiiallium, x88 
. . '■ Ketone, xo6, 223 

— - Malonic Acid, 4x9 

— ■- Malonuric Actd,j(77 

— ■ - Nitramine, 169 

■ — Succinic Acid, 494 

-Sulphite, 141 , ' 

Dipropylaminoxychlorophosphine, 168 

Di-^-toluenc Snlpbotnnu Ihylcne Diamide, 

3^7 « 

Disaccharides, 637 * 

Disacryl, 215 
Disilicon Hexethyl, x8x 
Disfier^uin, 52 
Distillation. 48 

Disuceinic A< id. Methylene, 614 

--—, Iiit.iethylene, 6x4 

Disulphitk*. 367 

--Sulphocarboxethyl, 433 

Disulphides, Thturam, 449 
Disulphonic Acid, Ethyhuene, 210 
Hydrozymc'thane, 247 
Methylene, 210 
of the Aldehydes, 210 
— Acetone, 226 

Dithloacetic Acid, Carbonyl, 434 
Dithioacetonc, 226 ' 

Dithioacetyl Acetone, 330 

--Acetyl Acetone, 350 

Dithio-bis-malonic Ester, 489 
Dithiobiuret, 453 
Dithiobutyrolactone, 376 
Dlthiocarbalkylamloic Acids, 449 
DIthlocarbamatcs, Alkyl, 469 
Dithiocarbamio Acid, 449 
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Dittajk>c«rbainJc Acid, Cyclic Derivativet of, 
450 

-Esters, 450 A 

Ditbiocarbamyl Diallylamine, 434 
—— Hydrazine, 494 
Ditliiocarbazine Acid, 454 
Dithiocarbouc Acids, 431, 4tt 

-Esters, 449 

-Ethylene Ester, 344 

Dlthiocyanic Acid, 407 , 

Dithiocyanoethane, 469 
Dithiocyanomethane, 468 
Dithiodiethylamine, ibz. i >7 
Dtthiodiglycollic Acid. 376 
Dithiodilactic Acid, 376 
Dithiodimethylaminc, 167 
Ditbiodipropionic Acid, 376 
Ditbioeth^ Butyiic Eslur, 419 
— Dimethyl Methane, 226 
Dithioglycoi, 324 

Dithloglycollic Acid, Diinethyl Methylene, 376 
Dithiomelanurenic Acid, 40b 
Ditbtonie Acids, 373. 874 
DithiO’OTamide, 486 
Ditbiopbosphinic Acid, Diethyl, 175 
Dithiopropionio Acid, 541 

DltbiotetrahydrotbiophrnoTetracarboxvlir Ester, 
636 

Dithiotetralkyl Diamines, 167 
Dithiotetralkylainines, 167 
Dithiourazole, 434 
Dithiouretbanes. 430 

Dihydroxypropyl Malonic Acid Lactone, 599 
Dipropyl Carbodiimide, 473 
Diurea, 448 
—- Carbonyl, 445 

-Etbylcuc, 441 

DiureTdes, 347, 080 
Diureldomatonic Acid, 384 
Diurethane, Carbonyl, 443 

-Glyozyli^Acid, 436 

Diuretbane^, 436 
Divmyl. 88, 00 ,'396 
Dodecane, 77 
6,7-DqAcane-diol, 310 


Dod 
Dry . 
coal. 




Acid, 262 

'^tion of peat, bituininons shale, brown 
0l, boghead, caiincl coal, 71 
- of tar. 218 
of tartaric acid, 25t> 
of wood, 71, T07, no, 218, 223 

of wood vinegar, 256 


Drying oils, ‘^ot 

— -Hemp oil, 382 

—— — Linseed oil, 102 

— —»Nut oil, 3*2 

——-Poppy oil, ^02 

Dulritol, 112, 601, 0 t 4 , 627 i 834 

Unroquinone, 349, 350 

Djns, 451 m 
Dynamite, 530 


Eartk'Nut Oil, 263 

Bdestin, 670 

Egg, Yolk of, 329, 530, 531 
Egg shells, 541 , 

Elaidic Acid, 292, 801 

Elastin. 392 

Elayl Chloride, 322 

Electric CouductKny, 58 

Electrical Absorption, Anamo]t>us 34 

Electricity, Action of, 64 , . 

Electrolytic Dissociation, Theoi y Arrhemus, 16 

Elemi Resid; 677 

Empyreumatic Oils, 257 

Bmufsin, 633, 635. 6)8, 877 

Bnneamethylene Glycol, 3x3 

Enzyme, Gastric, 671 

— Pancreatic, 671 

— Theory, ria 

Enzymes, 118, 638 , 660 , 66 A, 877 
Bpibromohydrin, 333 
Bplehlorhydrtn, 296. 388 , 888, 539 


Epiethylin, 888 , 339 
Epibaiohydrins, 339 
Epthydrln 368 

— Alcohol, 532 

-Carboxylic Acid, 339 

-Ether, 533 

Epihydrinic Acid, 188 . 368 
Epi'iodohydrin, 333 
EquiSdum fiuviaiiUf 594 
Ergot 66z 

ErJenmeyer, Ruie of, 87 , 343 
Erucic Acldf 292, 881 , 307 
Erythrene, 90 
Erythrin. 396 

Erythritol, 90, 99, xx8, 686 604 

- Derivatives, 396, 597 

Erythroca Cfniaurium, 363 
Rrythrodexlrin, 663 
Erythroglucic Acid, 398,938 
Erythroglucin, 306 
Erythronic Acid, 598 
Erythxonitrolic Acid Salts, 15.) 

Erythrose, 598, 087 , 616, 6x8, 820 

— Derivatives, 597, 619 
Erythrulose, 396 

Ester Acids, 130 
Esters, zo8, 125, 130, 363 
—- Acid, X30 

-Neutral, 130 

Ethal, 132 
Ethane, 64, 78 , 258 
—- Dibenzoyl, 493 

Disulpbochloiide, 337 

-Disulphooate, 327 

^ Heiacatboxylic Acid, 636 

-Hcxam»*thyl, 75, 77 

-Polyhalide, 93 

-Tetra-aceiyl, 597 

— Tetracarboxylic Acid, 492, 018 , C56 

■ Ester, 488, 656 

-Tricarboxylic Ester, 49a, 888, 613 

Etlianoyl Chloride, 370 
Etlunyl A'niOine, 282 
■ ■ Amidoxime. 383 

-Trif irboxylic Ester, 393 

-TiKliloiide, 284 

Ether. Addition Compounds, 127 

-Derivatives. 111, 137 

-Homologur of Alkoxyelhylme, xap 

-Methyl, 127 

—- Sulphur, 127 

— Vinyl, and Derivatives, 129 
Ethers. 125, 187 , 381, 404 

— Mix^d, Z29 

-Monobaloid, 208 

Etherates, 127, 185 , 207 
Ethers of the Glycols, 304i 3*8 
Etbionie Acid, 326 
Etbionic Acid Anhydride, 327 
Ktho'glycollic Estei, Ethyl, 360 
Etboxal Nitrolic Acid, 480 
Ethoxaldoxime Chluiide, 486 
Ethoxyacctaldchyde 338 
EthoxyacctonitriJe, 341, 870 
Etboxyacetyl Acetone. 536 
Etboxyacroleln Acetal, 347 
Ethoxyactylic Acids, 807 , 40Z 
Ethoxyammopropiouir A<id. 540 
Etho^butync Aidehyih', 33* 

— Ester, 296, 870 
Bthoxybutyronitrile, 380 
Ethoxycaprylic Ester, 339 
Ethoxycrotooic Acids, 898 , 418 
Etboxyfumaric Ester, 580 ^ 
Ethoxyglutaconic Acid 389 
Ethoxyhexyl Iodide, 31 s 
Ethoxy-hydroxy-bntync Acid 530 
EthoxyISMuecinic Ester, 

Ethoxyl Chloracetoacptic Estvr, 048 , 598 
-Malonic Acid, 049 , 607 

— ■ - Propionic Acid, 366 0 

Ethoxylamine, 173 

Btboxymaleic Acid, 5 ^ 

Anhydride, 368 
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Bthoxyi^ftlele Homolofoui, 34X 
Bthoxymtethyl Acrylic Acid, 401 
Btbozymetbylene Acetal, 347 
■ ' Acetoacetic Bster, 546 

-Acetyl Acetone, 536 

— Ketone, 343 

• " Malonic Ester. 461 
Etbozypyridlne, 390 
Ethyl. Beryllium, 164 
—^ Cadmium, zdy 
Germanium, i8z 

-Mercury, x 88 

Zinc, 187 

-Acetic Acid, 398, 888 

— Acetoacetic Acid, 355, 418 

-Amide, 4x9 

Acetobutyrie Acid, 424 
Acetoglutaric Ester. 370 
Acetone Dicarbozylic Kster, 369 
Acetopropionic Acid, 373 
Acetylene Carboxylic Acid. 304 
Acrylic Acid, cgH 
Adipic Acid, 505 
Alcohol, 73. 111. 2SZ. 60X 

' Aldehyde, 199. 5e# Acetaldehyde 

• AUyl Acetic Acid, 375 

• Aminovaleric Arid, 394 

• tert.-Amyl Ketone, 2x4 

• Arsenate, 141 

• Arsenic Acid, X 77 

• Arsenite, 141 

• Arsine, i 77 

• Aticonic Acid, 380 

• Buratc, 14X 

• Boric Acid, 180 

• Bromide, 135 

■ BromomaloiUc Ester, 49X 
' Butene Lactone, 398 
■sec.-Butyl Hydroxylamine, 172 

Butyrolactones, 374 

■ Cacodyl, 176, 178 

Calcium Iodide, 186; *' otherate,’* 186 
’ Carbamie Ethyl Ester, 436 
Carbaniine-thiolic Acid, 44S 

• Carbonic Acid, 427 

• Carbothiolic Acid, 274 

• Carbylamine, 248 
-Chloride. 74, 111, 118 

• Clilorophospbinr, 173 

• Citraconic Acid, 518 

• Creatinine, 157 

• Crotonic Acid, 399 

- Cyanide, 280 

- Cyanamide. 472 

- Diacetamide, 277 

• Diallyl Acetoacetate, 308 

- Diazoacetate, 403 

- Dichloramine, x67 

- Dichlorhydrin. 529 

- Dlchloroxalic Chloride, 482 
-Dimethyl Butyrolactone, 375 

Trimethylene Glycol, 314 
— Disllicate, 141 

— Ether, 127 

Ethane Tetracarbozylic Ester, 613 

-Etho-glycollic Ester, 360 

-Ethylene, 85 

-Fluoride, 133 

Formamide, 239 

— . - Fumaric Acid, 420, 818 
-—1- Glutarlc Acids. 502 

— Glyceric Acid. 539 
—- Glycerol, $2$ 

m —. Diethyl Ether, 332 
Glycide Ether. 533 
GlycocoU, 387 
GlycoUic Acid. Me 

Eater, 360, Its, 404, 6oy 
Hydantolns, 443 
Hydrftcrylic Acid, 370 
Hydrazine, 170 . 

Hydrogen Perozide Salt, Barium ss 
Hydrosalenide. 148 
HydBosysovbto BeMr, 398 



Ethyl Hydroxybutyric Acid, 370 
^ Hydroxyl Uiea, 448 

— Hydroxylamim, 172 

— Hydlozylhiourea, 454 ^ 

Uydrozytrichlorobutyric Acid, 537 
Uypocliiorite, X41 . 

— ■ ImidochlorocarbonSc Etflr, 446 

— Iodide, 136 

■ ■ ■ Iodide, Mercury, x88 

■ ~ IsothJonatc, 326 

—— Isocrbtonlc Acid, 299 

-Isocyanide, 248 

' — Itaconic Acids, 318 

-Ketone, 475 

-Kctol, 34X 

—— Lievulinic Acid, 423 

— Magnesium Iodide, 183 

— Maleic Acids, 518 
Malic Acids, 557 

— Malomc Acid. 49X 

■ ■ Mercaptal, Arabinose, 6x8 

— — Mercaptan, 148, 449 

■ Mcrcaptochloropyrimidine, 574 

• - Mercuric Hydri»xidP, x88 

■ ■— Mesaconlc Acid, 519 

-Methyl Acetopropionic Acid, 373 

Adipic Acia, 503 
Butyrolactones, 375 
• Glyceric Acid, 530 
Ketone Scmicarl'azone, 228 
Valrrolactone, 375 
-Methylammc, 165 

— - Methylene Amine, 21X 

— Mustard Oil, 470 
■ Nitrarainc, lOo 

-Nitrate. xi6, 137, 138 

—— Nitric Ester, 137 ' 

Nitrolic Acid, 154 
■— Nftrosolic Acid, 284 

— NHron*' 138 

-Oxalacctic E^er, 567, C07 • 

—— Oxalic Chloride, 482 
' Oxamic Acid, 483 

— - Oxamino-chloride. 483 

-Oxfchlorophosphinfx, x75 

-l^araconic Acid, 299, 557 

■■■ — Phosphate, 141 

—— Phosphinic Acid, i75 

- Phosjihite, 141 

-— Piperidone, 306 

-Propane Tetracarbozylic Ester, 6x4 

— — Propyl Acetic Acid, 261 
— Ketone, 106 •' 

— Selenide, 148 

-Selenite. 148 

--Silicates, 14Z 

-Silicolormate, 141 

Silicon Trichloride. 181 

-—- Trielhyiali', i8x 

-Sorbic Acid, 305 

-Stannonic Acid, 183 

-Succlnaldoxime, 355 

— Succinic Acid. 40 i 

- Succinimide, 408 

- Sulphide Acetic Acid, 378 

-Sulphides. 142. 143 

-Sulphocarbarnide, 452 

—- Sulphocbloride, 147 

-Sulphonate, X47 

. ■— Sulphone Acette Acid, $77 
Propionic Add. 377 


X47 


Sulphones, 146 
Sulphonic Add, 147 243 
— Ethyl Acetic Es'er, $77 
Sulphoxldes, 145 

Sulphurane, 325 ^ 

Sulphuric Acid, 81, X04, iii» ri6, 126. 188, 


Chloride, 140 


Tartronic Acid, 350 
Telluride, 148 
Tetronlc Acid, 420. 844 
Thiocarbamic Ethyl Eater, 449 
Tblocarbonlo Acid, 432 
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Ethyl ThiOBamift Acid, x68 

— Thiosulphuric Ethyl £<ler, 147 
—~ Tr carballylic Aud, S94 

— Uramil, 37% 

-Urea, 440 

— — Cmori^e, 458 

— Valerolactam, 396 

— Xaatbic Acid, 433 

— - Formic Ester, 433 

Ethylamiae, xxz, 164 
Ethylene, 80 

Bromide, 81, 86, 182 6x3 
Chlorhydrin, xix, 819 
Chloride, 81, 31s, 628 

— Cyanhydrin, 380 
— Cyanide, 499 

— Diamine, 382, 888 , 436 
_ —Jt Derivatives, 32^, 333 

Dicarbozylic Acid, 41J2 
■ Diethyl Sulphide, 324 

-—— Sulphone, 325 

Dlmalonic Ester, 613 

-Dimethyl Sulphide, 324 

-Dlnitramine, 3^3 

Disulphinic Acid, 327 
" ■- Disulphonic Acid, 3 b 7 
Dithioethylidene, 324 
Ester, Carbonic, 428 
— — — ■ Dithiocarbo’.iip, 433 

- Etbenyl Amidinc, 133 

-Ethylidfue Kthcr, 317 

-Glycol, Thio- compounds of, 324 ; Mercap- 

tans, Sulphides, 324; Sulphnu duivalivcs, 
Sulphones, Sulpbonic Acid 32 s 

Glycols, 82, 99, 192, 224, 818, 315 
Halides, 322 

Hydrinsulphonic Acid, 32 s 
Imide, 160 
Imine, 335 
Iodide, 422 

Lactic «ld, 317, 666, 371 
Mcrcaptal, AraUnose, 618 
, Dextrose, 634 


Ivatlves, 3M 



—— Merraptals, 324 

— Mercaptan, 324 

— Mercaptols, 324 

— Methylene Ether, 316 

— Nitrate, 323 

6 Oxalic Ester, 4S2 

— Oxide, 107, ri8, 192. 216, S17. 318, 539,550 

— ■ Car^xylic Acid, 193, 

—— Psoudothiourea, 453 

— Bis-phthaliraido-tnalonic ho6 

• - Sclenocyanide, 468 

■ — ■ Sucainio Acids, 461, 613 

— -Chlorides, 495 

— — Nitrogen Derivatives, 496, 497 498, 

•499 

-Sulphide, Poljroeric, 324 

. .' Sulphocarbamidc, 452 

-S^phone Anihdc, 147 

-Swpbonic Acid, T47 

— .. Tetiacarboxylic E >ter, 6x3 

Tetramcthyl Halides, 322 

— Thiocyanate, 468 

-Thiohydrate, 324 

-Trimethyl, 83 

— Ureas, 441 

---Derivatives, 441 448 

-Urethane, 436 

Ethylidene, Acetoacetic Ester, 4^5 

-Acetone, 229 

—— Asine. 214 
' Bromide. 206 

—— Chlorhraiin Acetate, 207 
Chloride, 80, 906, 49a 
■ ■' Cyanacetic Ester, 508 
^ Diacetate, 200, 907 
Diacetic Acid, 302 
Diethyl Ether, 203 
.... _ Sulphone, 210 

Dimalofilc Ester, 308, 61f 
Dimethyl Ether, soy 
Mulphonio Acid, 209, 816 


Btbylideno, DlthloglyeoUie Add, 376 

-Diutetbane, 436 

Glycols, Carboxylic Esters of, 207 
—Ethen and Esters of, 204 
Glutaric Add, 322 
Iodide, 206 
Lactic Acid, 362, 369 

Halo^n Derl^ 

Nitrile, 379 

Malonic Ester, 292, 668 , 6x3 
Methyl Butyrolactone, 423 
■ ■ - Glutaric Acid, 29b, 698 
Pyrotartaric Acid, 320 
—X- Oxide, 199 
' ■ Phenylhydrarine, 2x3 

I^opionfc Acid, 292, 969 
» Succinic Acid, 490, 5x8 
— Urea, 441 
Ethylidemmino, 212 
Ethylidine Chlorhydrin Acetate, 207 
Ethylimidopyruvyl Chloride, 248 
Euilcna viniuSt 062 
Euonymus turopautt, 330 
Euzantbono 633 


FiBCBS, 335 
Fat, wool, 263 

Fats, 261, 262, 964, 492, 906, S27i 530 

-Technical application of the, 2O4 

Fatty-acid Derivatives, 284 
—— Esters, 265 
—— Nilramiues, 396 

-Nitriles, 232, 678 

Fatty Acids, 251, 260 

Halogen Substitution Products ot 
the, 384, 290 

■ ■ —Isonitramine, 396 

-Synthesis and Decomposition of, 262 

Echling’s Solution, 603, 628 
I'cliic Acid, 676 
Ferment, Fibrin, 670 
—— Maltese, 633 

-Myrosin, 470 

Fermentation, Butyric, 261. 363, 36$ 

BuLync Acid of, 259, 631 

— Citric Acid, O3X 

— Lactic Acid, 363, 363, 631 
Mucous, 63 X 

-Ropy, 623 

— of Cal( ium Malate, 492 
-of Glycerol, 315 

■■ of Lactic Acid, Butyric, 259 

-of Starch, Butyric, 259 

of Sugar, Butyric, 259 
of the Hexoses, 631 

Ferments, x 13,264,381,626,658,659,660,663,67 ! 
-Butyric, 365 

— - Decomposition of Fats by, 264 
Ferrocyanide, Potassium, 243 
Ferrofulmirate, Sodium, 230 
Fibrin, Globulin, 670 

-Ihitrescence of, 394 

Fibrinogen, 670 
Fibroin, 392, 540 

-of Silk, 386, 388 

Fire-damp, 7x 
Fish, Decay of, 334 
Fish-sperm, 674 
Flaveanic Acid, 486 
Flesh, Putrescence of, 394 
Fluoracetic Acids, 288 
Fluorescence, 31 
FluorethyJene, 97 
Fluorochlorobromoform, 247 
Fluorochloroform, 247 
Fluoroform. 246 
Fly mgmn'c, 329, 34® 

Formal, 205 

FormalatUe, 2x4 ^ ^ 

Formaldehyde, xiX, 138,163, 197, 003, 337, 3S7, 
631. 663 

Derivatives, 209, 669 
—x— Peroxide, 603 
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Formaldehyde Sulphozylate, eoS 
Formalduxime, 313 
Fonnalhydrazine, 3x4 
Formalia, 19S 
^Fonoamide, 339, 977 

Derivatives, 239, 240, 409 
Fonnamidine, 243, 844, 382, 455 
Formamidoxiiae, 243, 844. 283 
Formamine Acetic Acid, 388 
Formazyl Carboxylic Acid, 244, 48f 

•-Hydride, 244 

-Sulphotiic Acid, 434 

Formhydroxamic Acid, 243, 244 283 
Formic Acid, 1x0, 193, 215, 896 400, (>31 

- -Derivatives, 407 

-Eaters, no, xo- !<»4 *38 243, 530 

■■ - — , Oitho-, E ttr> ot, 14X 

-, Nitnl' of, 2n 

Formimido*ether, 192, 843 281 

-Derivative, 244 

Formisobulyric Aide), jio 
Formocarbotbialditie Dirmtbyl, 450 

Formoguanainmc, 437 474 
Formomtioxime 244 
Formosc, 630 
Formoxime, 7x1 
Formulas, Constuutional, 2X 
-Empirical, 2x 25 

— Rationil 2S 

-Strut tui tl 21 22 90 ox 

Formyl Ac( tic Acid, 3*^8, 40l 
.■ I ■■ — > (iU irit kIc ot, 374 

—— Acetoacr*ti( Pstcr, 345 546 

-Acetone 848, 348 

Chlondnxitae, 243 244 , 249 

— Due tylMtOim 33'> 

-(llyioioll 385 088 v’* 

-Hippurii Arid, 34<», 548 

-Ilydrarint, 2 39 

— - - K# lories 343 

--jeueme 300 

— — Malomc Acul 360, 361 

-Methyl Thiosemn arbaride, 454 

-Tricarboxylic L-.t( r 31)2 

--Trisiilphonic Acid 233 247,429 

-Urea, 441 

Vilme 380 

Ffaxinus r^ti'^ensis 269 

Fie‘riiu i)''!! rmmation of the mo’'*(ulir 

wc!’*nl fr«)*n Mie d nn* -ion of the 13 , Bet k 
manti's method , Lyki m method, 17 

Fructosainme, 637 

Fructose, 198 213 6^7 623 6a6, 631, U32, 633, 
686 , 036, 6j7 h3l, O3Q obx 
Fruit essences Aififinii 267 
FulgenicAcid 322 
Fulgide, 522 
Fulminate, M i.ilhc 230 
Fulmmir Aci I 23^> 247, 248 
Fulminuric Ac id 860 333,349 
Fumaramie Acid, 309 
Pumarauilic Acid 310 
Fumarazulo 310 
Fumardiandidc 310 
Fumaretbyi Uitllnin, 310 
Fumarhydiandc 3. > 

Fumafia ^ > < 

FumaricAcid,63 63 8? 800 3 ti 5^7> 592,6 oo, 6 t 4 
■I. I - ' Di^nvattv»s 3 \ 

— Acids Alkyl 420,311 
.Isnm'Tistn of 312 

-Dialdehyde, 347 

Fumaryl Glycidic At id 605 
Peroxide, 509 
Fgiii. xi4» 300, 63X, «6x 
-f^FUsloo. 631 

Furaeaa Carboxylic Acids, 645 568, 608 

Furazanes, 355 

Furfural, xo6, 348> ^<8 ^ 

Furfurane, tit, 347. 85^1^54 

-Carboxylfe Adds, 634 

Furodiazolea. 555, 53^ 

Fikreaie Ada, 506 

Fttasl Oil, xi4i XX7» >*9* 262 


GAX.ACTAIIINS, 6 a 4 
Galactaii^ 635 
GalactitoR 035 ( 

Galactochltral, 633 
Galactodextrosc, 660, 66x ** 

Galactonic Acid, 374, 6x8, 619, 6 B 4 

-Lactone Chlurbydna Tna* tyl, 650 

-Nitnle, Pcutacet^, 619, 650 

Galactose, 113, 1x4, 6t8| 619, 624, 030, 685 , 636, 
6bo, 66 X 

Carboxylic Acids $33, 661 , 653 
Galactosidodextrose, 658^ C61 
Galactosimme, 630, 65X 
Galaheptanepcutol Diacid, 633 
Galalieptonic Acids, 637, 661 , 635 
OaJahcptosaminic Acid, 631 
Oalaheptose, 637, 651 
Galaoctonic Acid, 637, 652,654 • 

Galauctoiiulactonc, 052 
Galaoctose, 637. 650, 65I, 654, 660 
G.ilap( plosc, 632 
Gallic And, 408 
GaUism, 632 

Gallium, Alkyl Denvatues of, 1R8 
Galtose, 630 
Garlic, X44 

-Oil of, 123 « 

Gas, Illuminating 71, S7, 90, 93 

“-Olefiant/' 322 

Gastric fuicc, 3(11 1)72 
Gaulthena procHmbrm, no 
Gelatin, 392, 540 342 876 

-Blasting, 063 

-- Putrescence of, 394 

-Tanualc, 673 

Geranial 213 
Oeranuil 232 4*2 

G( rmanium MKyl Derivatives of, xtl 
(ilaucopfaanic A< i<l 346 
Ciliadin, 392 

Globulins 670 • , 

Gloxypiopionic Acid, 423, 541 
Glucammes 624 
Glucase, 600 

GIuco-compounds Se^Oextro rompoundi 
Glucohepi <>1 623 
Glucoheptonir A« id 631,6^0 661 
-Lactone, Diiiu ihyUiit, 031 

Glucolieptov ft 3 i - 

Glucoiuc Acid 371 6i 8 634,641,649 653 to6o 

-— I at loin 633 

- --Tctramc thyl 634 

Glucononito), 623 

Glurononitnle, Priiti i tyl, 617, 634, 649 
Glucononosi, 623. 687 
GIuco octitol 623 ‘ 

Gluco-octonolactone, C52 
Gluco-octosi, 623, 637 

Glucopentahydioxypiinf Ik Acid, 632 t 

Glucoprottiiis, 671 , 

Glucosamine, 633, 636 

Glucosaminu And bst ^ 

Glucoses, Alkyl, 683 i)3| See aUe Deilrose 

Glucosides, 470,626 632 

Glue, 383 

Glutaconamide, 520 
Glutaronaminic And 320 , 

Giutacouic Acid Dirarboxyl, 615 

-- Anhvilride, 520 

-Dnidf hyde, 347 

-Acids. 502, 3x5, 680 321, S 39 . 56X 

— —-Derivatives, 371, 361.607 

Glutamme, 539 

Glutaminic Acid, 568 , 667, 67a 
Glutaric And and Esters, 296, 424, 601 , 343, 393, 
613, 620. 622 

-- Half Aldehyde of ,402 

-Nitnle of, 502 

—I. Derivitivcs 503, 303* 504 > S88i StOi 

570, 503 . ® 05 . 606 

-Dialdchyde, 347, 40t 

Dlazida. 333. ttf 

— Dioxide, 30 t 

— Dihydntilde, 501 
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Glutarie Peroxide, 5M 
Glutarimide, 502 ^ 

Giutazine, 564 * 

Gluten Proteiiis«67o 
Glutin<peptone, 668 / 

Glutinic Acid, 5 U 
Glutolactonic Acid, 4ts 

— — Derivativt s, 559 
—— - ■ ■ Nitrile. 422 •. 

Glyceraldehyde, 638 , 63^ 

-Derivatives, 534 - * 

Glyceric Acids, 258, a8^, 3^8, 389, 525, 688. 

539 

Glycerides, 530, 531 
Glycerol Acetal, 538 ,'SS 4 
—, Acrolein, 53a 
— — - Bcnzal, 532 

-Difthylin Derivative*!, 538 

-Esters of Inorganic Aculs, 529, 530 

...—of Organic Acids: Foiinic Acid, 
337; Myristic Acid/S3T 

-Etbers, 206, 2x4, 681 , 532 

-Fermentation of, 3x4 

— Formal, 532 

-Mcrcaplans, 330 

-Trmretbanc, 533 ^ 

Glycerols, 99, XX 4 > i 83 » 8 I 4 » 837 . IM. 3 * 4 . 34 *. 
»«6, 538. 56a, 663 

-Nitrogen Derivatives of tlie, 533, 597 

Glycerophosphoiir Acid, 329 ^31 
Glycerose, 525, 528, 684 , bib 036 
Glyceryl Chloride, 529 
Glycide Compound*:, 542, 533 
Glycidic Acids, 368, 889 640 

-Acid, Fumaryl. 605 

Glycine. Set Giycocoll 
Glycocholic And, 386, 38S, 676 
Glycocoll, 241, 362, 381, 385 , 3'jo, 403, 443. 5 ®*» 
666. 673. «>74 

■ Ainicloxolyl, 484 

•— Deiivaftv.'s, 3«i2, 393, 4(‘3, 437 

— Hydrazidi, 386 
—— Nitrile. 386 

■ - Substituted. 330, 387 

Glycocollamidc, 386 
GlycocolUc Rbtcr, 386 

——-Derivatives, 366, 379. 3 ^ 6 . 4®8 

Glycocyamidine, 456 
^lycocyammc, 456 

-Methyl, 387. 456 

Glycogen, 660, 662 

Glycol Acetals, 312, 316. 320 ^23. ** 7 , 338 

--Deiivativi«s ^21 

-Aldehyde. See Glyuollir Aldehyde 

—- Aaide, 378 

— Bromhydrin, 319 

— Carbonate, 428 
Chloracetin, 323 

— Chlorhydrin, 117, 312 316 

— ChJdfidc Hydro, hlonde, 386 

_. Diacetalc of the Olufiuc, 34* 

—-Aiformin, 323 

— Uinitralo, 313, 888 
' Dipalmitate, 324 

— — Distrarato, 324 

-Ethers, 316 

-Ethylene, ^9 

— Hydrazide, 378 

— lodacelin, 324 

■I ■ ■ lodohydrin, 318 , 320 

— Methylene, 109 

— Nitro*bromo-iriniethylene, 534 
—— Trihromcthylidnie, 203 

— Triohlorethylidene, 208 
-Nitrohydiin, 328 

— Sulphuric Acid, 323 
Glycols, 216, 306, 31a, 373 
-Acetylene, 3*3 

—— F.sters of, 3x9 

— Homologous, 313-3*5 . 

— Hydroxyalkyl Bast‘s, 328 

— Nitrogen Derivatives of, 327. 3 *® 

— Olefine. 313 
Paraffin, 887 , 3*3 


Glyco^l 


Glycoliminohydrin, 378 
Glycoliamide, 378 

Glycollic Add, 116, 236. 287* 312, 881 , 366, 40X, 
477 , 528,545, 636 

-Esters, 367 1 

— — Nitrile, 379 

—^ Aldehyde, 1x7, 198, 203, 887 , 606, 616 

— Anhydride, 367 

— Ester, Cblorocaibonatc, 430 
Glycollyl Aldehyde. See Glycollic Aldehyd 
Glycolurelne, 441 

Glycoluric, 347 , 4 «. 44 *. 573 
Acid, 442 

ilyl Guanidine, 456 
Malonic Acid, 607 

Pyroiacemie Acid Phcnylhydrazone, 345 
Urea, 442 
Glycosine, 346 
Glycuronic Acid, 538 
Glycyl Alanines. 392 

-Aspartic Anhydride, 535 

-Aspartyl Leucine, 356 

-Glycine, ^gx, 898 

Derivative, 437 

— Valyl Anhydride, 674 
Glyoxal Acetals, 346 
-Bisguanidine, 353 

Disemicarbazone, SSS 

— Osazone, 356 

-Osotetrarone, 336 

-Sodium Sulphite, 346 

Glyoxalic Acid. See Glyoxylic Acid 
Glyoxaline Derivatives, 4.St 
Glyoxalines, 333, 846 , 347, 149 . 354 . 45 *^ ^ 
Glyoxals, 116, 203, 312, 846 , 441, 477 . 608, 633 
Glyoxime Peroxides, 355 

— Propionic Acid, 546 
-Ring, 573 

Glyoxyl Carboxylic Acid, 545, *46 

-Thiocarbimide, 573 

-Urea, 573 

-, Arctyl. 574 

Glyoxylic Add, xx6, 203, 235, 287. 3 **, 3 ®® 

405. 444 . 5 <J 2 , 

-Atetyl, 548 

-Diurethanc, 436 

-Guanidin.^. 573 

Phcnylhydra/one, 403 


Amide, Azme of. 405 


Glyoxyl Propionic Acid, 423, 848 
Gooseberries, 400. 55 * 
GranulO'baeillus, 365 
Granulose, 6&1 
Grapes, 55 T, 601 
Gravity, Specific, 43 
Groups, 24 
Guaiacol, 6 o 7 

-Resin, 2x3 

Guaiol, 215 
Guanamines, 455 . 474 
Guan.izine, 450 
Guanazole, 458 

Guaneidi'b of the Acids, 435* 457 . 574 
Guanidine, Acetic Acid. 45b 

-Glyoxylic Acid, 573 

-Malouyl, 576 

-Oxalyl, 376 

--Propionic Acids, 457 

Guanidines, 250, 426. 466 , 455. 871 
—- Derivatives, $bH 
Guanidiiiobutyric Acid, 542 
Guanidocarbonic Ester. 4'7 
Guanidodicarbonic Diethyl Ester, 45? 
Guanine, 433, 57 *. 587 . M*. 87a 
Guano, 453. 58x, 388 
Gnanoline, 457 
Giianvl Guanidine, 457 
—— Thiourea, 458 
i — Urea, 457 
• Guarana, 590 ^ , 

I Gulunic Acid, 610, 633, 649 , 630 
' Gulose, 684 . 639. 830 
Gum, Cherry, 618. 663 
8— Arabic, 650, 66$ 
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• 

0 «m TragAcantb. 66$ 
Gumsi 631, 633, 66a 
Gnncotton, 664 


HiBifAnc Acid, si 9 > S9S, 6ft, 676 
Hmiatin, $19 

— Cblonde, 675 

Hamatioic Acid. 5 m Hwnatic Aoid 

Hamatochtomogen 675 * 

Hamatoporpbyria. tft, 676 

Hamin, 673 

Hamoglobios. 674 

Hamolyais, 676 

Hamopyrrole, tft, 676 

Hamotricarboxylic Acid, 594 

Hair, S4X 

Halochroism, 41 

Halogen Aratylencs, 98 

-Alkyls, 93, Itl 

-Esters oi the Alcohols, 131 

—— MononitrO'paraOin, 14A 
—- Nitco-compounds. 151 

-Nitrosoparafiin. 152 , iS 3 

-^ Olefines, tt, iti. 225, 

Halogens, Determination of the, t 
Heat, Action of, 6x 
Hemiterpene, 91 
Henbane, 333 
Hentriacontane, 77 
Hepta-acetyl Chlorolactose, 660 
Heptachlorethybdene Acetone, 229 
Heptachloropropane aas 
Heptacosaue, 77 
Heptadecyl Methyl Ketone, 263 
Heptadrcylic Acid, 262 
Heptabydric Alcohols, 624 
Heptabydroxy'Aldehydes and Ketones, 623 
Heptamethylene Chloride, 323 
■ Diamine, 334 

— Glycol, 313 

-- Imines, 335 

Heptane, 76, 77 , XM 

— Adds, 598 t 599 . 

Heptenyl Amidoxime, 28$ 

Heptltols, 637 
Heptolactam, 396 
Heptolactone Acetic Acid, 360 
Heptolactones, 299, 17 #, 651 
Heptoic Acid, 261 

— Ester. a68 
Heptyl Alcohol, 122 

Mustard Oil, 470 
Propiolic Acid, 304 
Heptylic Acid, 396, 650, 632 
g\fian^tnm xxi 

■■■ ■— sphotUyhum, xxx, 122, 236, 268 
Hexring-brine, 165 
Heteroxanthine, 6lt, 590 
Hexachloro-p*dikctO‘K-hexene, 3x4 
Hexachlorodimcthyl Tetroxan 205 
■' — Trioxan, 205 
Hexachloro‘R‘pentenes, 303 
Haxachloropropylcne, 295 
Hesacontane, 76 ,122 
Mexadecane, 76 
Hexadecyl Metby Ketone, 263 
Hexadacylane, s68 
Hexadeoylic Acid, 262 
Heza*di>ine*diol, 3x6 
Hezaethyl Melamine 475 
Hezacthylidene Tetraminr, 212 
Hexahr^ric Alcohols, 622 
nasabydropyrasioe, 33^ . 

Haxthydzosy-Aldebydes and 'Ketone 625 
Hexaketonef, 647 
Hexamatbyl Ethane, 7 S* 76 
Hexamethyl Melamine, 474 
Hexameihylene Chloride, 323 

— Dlamiae, 3 S 4 

-Diethyl Urathane, $$4 

--Glycol, $X 5 

— Iminea, 335 
Ketone Isoxima, 999 


Hexamethylane Tetracarboxylic Esters, 613,6x4 

-, Tetramine,, 198, sio, szx 

" — - Triperoxydiamin^ 204 
Hexane, 75 i* 76 i 77 . 

— Dekacarboxylic Ester, 656 
Hexacarboxylic Ester, 636 

Hexane'diol. 310 6 

llexane^triol, 328 
Hezaoxymethylene Diamine 204 
Hexenyl Amidoxime, 283 
Hexenone, 'Trimethyi cydo-, 22Z 
Hexenic Acids, 299, 39S 
Hexethyl, Disilicon, x8i 
Hexlnic Aeid, 344 
Hezitols, ttt, 639 

. - Space Isomerism, 64 x 

Hexomc Acids, 64 x 
Hexoic Acid, 261 

-Esters, 268 

Hezose Amines, 624, e$t 

-Carboxylic Acids, 631 

-Imines, 636 

-Methyl, 635 

Hezoses, 684 , 639, 672 

-Synthetic and Degradation Reactions of 

the, 630 

Hexoxybenxene, Potassium, 247 
Hexyl Alcohol, 122 

-Mustard Oil, »*, 470 

Hexylene Dioxide, 397 
-Glycol, 3x5 

— Oxide, S18 
Hippophai fhamnoideSt 351 
Hippuric Acid, 383, 366, 388, 581, 666 
-Ester, Deuxatives, 540, 543 

— — Formyl, 540 

Hippuryl Aspartic Acid and Compounds, 342, 669 

— Azide, 392 
Histidine Propionic Acid, 347 
Hoffmann's Anodyne Spiritus Acthereus, 128 
Hofmann Rearrangement, x6o « 
Homoaspartic Acid, 356 

1 loraocboline, 329 

Homoconiinic Acid, and Derivatives, 864 , 396 
HomolMV'ilinic Acid, 423 
Homomesaconic Acid, 321 
Homopyroracemic Acids, 408 
Homopynivyl Pyruvic Acid, 399 
Homoterpcnylic Acid, 338 
Horn, 390, 340, 541 
Hydantolc Acid, 448 , 455 
Hydantoins, 448 , 443, 436, 457. 573 
Hydracetamide, 2X2 , 

Hydracetyl Acetone, 221, 229, 848 

-Ketones, 34a 

Hydracrylic Acid, 3x4, 3 i 7 i 369 
-Substituted, 370 

— Aldehyde, 338 
Hydramines, 328 

Hydraziacetic Acid, 405 t 

Hydrazicarboxylic Ester, 447 
Hydrazides, Acid, 278 
—— of the Hydroxy-acids, 378 
Hydrazidine, 234, 884 
Hydrazine, 169, 2x2, 378, 40 Si 4S8 

— Carboxylic Acids, 439, 446 

-Derivatives, 239, 378 , 448. 454 

Hydrazino-fattv Acids 897 , 405 
Hydrazino-nitriles, 2x3 
Hydrasino-oleflne Carboi^lic Ac ds, 399 
Hydrazlpcoplonic Ethyl Ester, 4x0 
Mydrazodicsrbonamide, 448 . 439 • 
Hydrazodlearbonainidine, 438 
Hydraiodiesrbonic Ester, 447 
Hydrazodlcarbonimide, 447,448 
llydrazo-fatty Acids, 397 
Hydratolormamidc, 447 

Hydrazoie Add, 171, 403, 447 » 458 * 439 
Hydrazones, Aldehyde, 2x3^ 

HydrazonomeaoxaJic Dlamide, 564 
HydrazO'Oxlme, 264 
Hydrazotetrazole, 439 
Kydroiarbons, 69 
* Saturatad, 69 
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Hydroearbou, Uasaturated, 79 
BydroceUolote, 664 
HydrochoUdonic Acid, 570 
Hydrocyanic Acid, 164, ^6, 


Rydrocyanurlc^cid, ^74 
Hydroferrocvanlc Acia, 843 
HydroMQ, Detennination of, $ 
Hydrolysis, 11^ 131, 
Hydromuconic Aad, 


4^ 


35I1 *77 

_ .505, Mi 

Hydronltroprussic Acid, 243 
Hydrorubianlc Acid, 486 
Hydrosorbic Acid, lii, 305, 370, 940, 937 
Hydrosulpbldcs, Alkyl, 142 
HydrouracU, 444 , 573 
Hydroxalkyl Pbosphmic Acids, 196 
Hydroxamic Acids and Derivatives, i$o, 152, x6o, 
194. * 34 > 888, 499 
~ Oxime, 334, iSt 

Tdtracetate, Succinyl, 499 
Hydroxamides, 378 
Hydroximic Add Chlorides, 283 
Hydroximidocyanovaleric Acid, 54 * 
Hydrozyacetlc Add, 357, ill 
Derivatives, 298, S 43 
Hydroxyacetoacetie Acids, 543 
Carboxylic Eater, 607 
—~ Lactones, 544 m 

Hydrozyacetone, 338, Ml 
llydroxy^acid Nitiilcs, 207, 221, 878 
Hydrozy-acids, *B 0 , 36a, 366, 371, 35 ®. 3®5 
Alkyl Derivatives, 366, 3G7 

— Anhydride formation of the a*. 366 

-Cyclic Double Esters of the, ^6;, 385 

-Esters. 368 

Guaneldes of the, 455 

-Halogen, 368 

-Nitrogen Derivatives, 378 

-Sulphur Derivatives, 376 

— Ureldes of, 44 * 

Hydroxyacrylic Add, 888 
—^ Derivatives, 401 
•Hydrozyadi^c Add, 580 
iiydrozyalkylammes, Haloid Esters of the, 

Hyiroxyamido-oximes, 2B4 
Hydrozyaminoglutammic Ester, 5^9 
Hydroxyaminopropionacetal, 534 
Mydrozyaminopropionic Acid, 393 > 54 1 
Hydroxyaminosuccinic Acid, 605 
Hydroxyazelatc Acid, 571 
Mydroxybehonic Acid, 376 
Hydroxybutyl Aldehyde, 338 
Hydroxybutyraldebyde, 196, 388 
Hydrozybutyric Acidf 296, 297» 34*- 886, 879 , 

371,375 . , 

— —^ Nitrite, 379 
Hydroxymityrolactone, 297 
Hydrozycaffelne, 583, 881 
l^drozycaproic Adds, 299, 866, 870 , 876 
H^roxycaprolactone, 299, 640 
Hydrozyca|)rylamide, 378 
Hydrozycaprylic Acid, 88 

Nitrile, 379 

Hydrofyearboxylic Acid^, 36a 
Saturated, 362 

-Unsaturated, 367, 368, 401 

— Monohydroxy-, 193, 336, 54 ®. 

— D1-, 538. 5 M 

— Tri-, 598, 021 
—— Tetra-i 619, 652 
-Penta-t 653, 655 

— Poly-, 652 

Hydrozydtric Add, 6ao, 088 
Hydrozyerotonic Add. 398 . ^ 

Hyc^xy-dimetbyl'aniiuoacetic Dimctnyi Amide, 

408 

Hydrozyethylamine, 329 

-Sulphur derivatives of, 331 

Hydroxyethyl-phthalimido-malonic Mono-ester 
Lactone, 54X „ . ,. 

HydrozyethyiTrjnethyt Ammonium Hydroxide, 

3*9 

Rydroxyothylene Oxidea, 340 
Hydioxyfatty Acid Esten, 887. 89 ® 


Hydrozyfomaranilic Add. 565 
Hydrozyfumarte Add and Ester, 565, SM 
Hydroxyfurasan Carboxylic Add ana Deriva* 
lives, 564.367 

Hydrozyglutarlc Add S97, S04, 8M, 359 .560 ^ 

-l.actone, 370 ^ 

Hydrozyraanidine, 458 
Hydroxyhezenic Add, 303 889 
Hydrozybydrosorbie Add, 398 
hydroxyhydroaulphides, 206 
Hydroxyimidohydrines, 378 
Hydrozyisobutyl Imidobydrine, 378 
Hydrozsdsobutyric Adds and Derivatives, 297 . 

lOf, 878 , 379 . 443 . . 

Hydrozyisocapioie Acids, 363, 370 
Hydrozyisoceprolactone, 540 
Hydrozyisoctylic Acid, 372 
Hydroxsrisoheptolactone. 540 
Hydroxyisoheptylic Add, 370 
Hydroxyiso-octolactone, 540 
Hydrpxy-di-isopropyl Acetic Acid, 366 
Hydroxy-di-n-propvl Acetic Acid, 366 
Hydroxyitoxazole Carboxylic Estci and Deriva¬ 
tive, 569 

Hydroxyisosuednic Adds, 330 
Hydroxyisovaleric Acids and Derivatives, 260, 
298, 888, 878, 479 

Hydroxyketone Csfbozylle Adds, 543, 59 ®. 607, 
65*. 655 

Hydroxyketones, 340, 534 . 536 , 597, 6ao 
Hydroxyl Ethyl Sulphide, 324 

— Oxamide, 484 

-Urea, 448 

Hydrozyketopentane, 342 
Hydrozylactones, 040 
Hydroxylavulinic Acids, 423, 425, 848 
Hydroxylamines, Alkyl, X52 163, 191 

Nitroso-alkyl. 17a 
Hydrozylaminoacetic Acid, 381 
Hydroxylamino-fatty Acid, 381 
Hydroxylaminoisobutyric Acid, 3 ®< 
Hydroiylamino-ketooes, 343 
Hydroxylamino-ozimes, 229 
hydroxylauric Add. 366 
Hydroxymalelc Add and Derivatives, 363 
-Ester, 566 

Hvdrox3raialonic Add Group, 549 
Hydroxy-mercury Propionic Anhydride, 289 
Hydroxymethane Disulpbonic Acid, 810 , 247 
Hydroxymethylenc Disulpbonic Acid. 
Hydroxymethane Disulpbonic Add 

-Ketones, 148, 348, 880 

Hydroxymyristic Add, 366 
Hydrozyosnanthylic Acid, 375 
Hydroxypalmltlc Acid. 366 
Hydrozyparaconlc Acid, 5x5, 008 
Hydroxypentenie Acid, 897, 420 
Hydrozypivalic Add, 298, 870 

-- Acla, Vinyl, 398 

HydroxyproUne, 888 , 667 
Hydrozypropiolic Lactone, 488 
Hydroxypropionacetal, ill, 347 
Hydrozypropionaldebydc, 338 
Hydrozypropionic Acid, 3x4, III 

— Lactone, 488 
Hydrozypyroraoemic Add, 543 

— Aldeh]rde, 536 

Hydroxypyrotaiiaric Add, 556 
HydroxypyiroUdone Carboxylic Acid, 598 
Hydroxysebacic Add, 560 
Hydroxystearic Add, 366. 375 
Hydrozysucclnic Acid, Methyl, 260 
Hydrozysulphlne Carboxylic Acids, 377 
Hydrozysulphonic Add, 2x0 « 

Hydrozytetrahydnforfurane Carboxylic Acldi 

59® 

Hydrozytetrlnle Add, 420, 810 
Hydrozythioureas, Alkyl, 454 
Hydroxytrlcarballylic Acid, 6x0, 628 

-Derivative, 6xa 

HydroxyuttdecyHc Add, 878, 907 
Hydroxyuretbane, 448 
Hydroxyvalerie Adds, 29 ®. 808, 878, 34 ^ 
Derivatives, 970, 52a. 399 





702 

HydroxjHmlcrulactoae, 540 
Uyduiiuc Acid, 380 
Hyocyamus, 933 

Hypocblorous Acid, Esters of, X4X, 446 
* Hypogaolc Acid, 300 

Hypoxanthine, 572, 386, 567, G72 


Icsx^AND Moss, 309, 662 
Iditols, 884 , 635, 636 

-Derivatives, 624 

Zdonic Acid, 619, 633 050 . 653 
Idosaccbaric Acids, ^42, 658 
Idose, 624, 686, 650 
Has paraguayetuis, 390 
Imidazoles, 344 
Imidazolyl Mercaptans, 344 
Imide Compounds, 136, les, z68, 479 » 

-Chlorides, 234, 881 

ImidoaUantolQ, 573 
Imidoallozaa, Barbituryl, 381 
Imidazolone, Amino-tnetltyl, 388 
Imidocarboaic Acid, D-rivatives of, 443 
Imidodicarboxylic Hydraride, 447 
Imidodioximidocarbouic Acid. 445 
Imidodithiocarboaic Esters, HyJroiodide^ of, 450 
Imidodithiocarboxyiic Acid, 448 
Imidoetbers, 19X, 234, 881 
Imidoformy] Cyanide, Chloretbyl, 483 
ImidobydriDcs. 378 
Imidomalooainide, 363 
Imidooxalic Ethers, 486 
Jmidooxalomalonic Ester, 6x2 
Imidotbiodisulphazolidme ,467 
Imidothiourasole, 454 
Iminoacetoacetic Ester, 419 

-Nitrile, 419, 420 

Immoacetunitrilc, 388 
Imlnobarbituric Acid, 376 
Iminodiacetic Acid, 388 
Iminodilactic Acid, 409 
Iminodipropionic Acid, 389 

Iminodipropionimide, 389 
Iminoisobarbituric Acid, 578 
Iminomalonamide, 350 
Iminosuccinamic Ester, Acetyl, 609 
hiiinosuccinic Ester, 605 
Imitiosuccinimide, Acetyl, 609 
Imriotbiobarbilurtc Acid, 576 
Indium, Alkyl Derivatives of, 188 
Indole and Derivatives, 406, O67 also Pyra- 
xine Derivatives 423 
Insect Wax. 269 
Insects, Excrements of, 38X 

Intramolecular Atomic Rearrangements, 36, 369, 
681 

Inulin, 633 

Invert Sugar, lit, 620. 635, 658, 639 
InvrTtiu, 118 , 658. 877 
Iodides, 134, 178, 182 
Iodine. 5 

- Starch R • k lion, 662 
lodoacetal, 
lodoaceLi^ Aud-*, 288 
lodoacetone, 224 
lodoacetoxime, 345 
lodoacetylene, 88. 303 
lodoacrylic Acid, 205 
lodobuiyric Acid, 289 , 200 296, 297 
lodoethane, 136 
lodoethyl Ether, 129 

Trimetby) Ammonium Iodide, 335 
lodootbylamlne, 331 
lodotorm, 94 * 822, 233i ^ 46 . 438 

— Reaction, 110. 1x3, 222 
lodoolutarie E«ter, 
lodobydrin, 529 
lodoisopropane, 130 
lodolactic Aeld, 368 
lodolele Acid, 30* 
lodomethMie, 13^ 

— DUdtphosate Potassium, 134 
lodopropiolfe Aefd, 

|•dop^opiooaU 1 eh 3 rd•« 329 


INDEX 

lodupropiooJc Acid, 888, 889, 369, 503 
lodosocnloracrylic Acid, 888 , 313 
lodusochlorochloracr^ic Acid. 295 
lodosochiofocblorofumaric Acii^p 295 
lodoteironic Acid, 344 
Iris root, 262 

Iron Carbonyl, 247 * 

Isaconic Acids, 320 
Isethionic Acid, 324, 886 , 327, 331 
Isoactoccltrile. 248 

Isoacetoxime ^dium Iodide, Methyl, 227 
Isoaconitic Ethyl Ester, 395 
Isoallylaminc 166 
Isoamyl, Chloropbospbines, 175 % 

-Ditbionic Acnl, 274 

-Ethyl Alcohol, Isopropyl, 107 

-Nitrate, 137 

—— Nitrous Ester, 138 • 

— Zinc. 187 
Isoamylamine, 163 
Isoan^lene, 83, 86, X2X, 343 

-Glycol. 3x3, 314 

Isoaniylidine Acetone, 229 
Doasparag ne, 555 
Isobrornomethacrvlic Acids, 297 
Isobutane Tricarboxylic Ester, 393 
Isobutyl, Acetaldehyde, aox 
— Acetamide, 278 

-Acetonitrile, 280 

— Acrolein, 215 

-Alcohol, 119 

- Aldehyde, 801, 310, 320 

-Butyrolactone. 375 

-Carbaimne-thiolic Acid, 44B 

-Carbinol, 180 

————Derivatives 268 
—— Glycerol l>n t! vUp 53a 
■ HyilaiUnic 443 

—— Hydantoin. 443 

-Mustard, oil, 470 

—— Nitrate, 137 • 

- Siiccininiide, 498 

—— Zinc, 187 
Isobutylamine, 1G4 
Isobutyl me, 75, ho, 88, 84, TI9 

-Glycol Cllloi hydrin, 320 

-Oxide, 3x8 

-Tricarboxylic Esici. 50a 

Isobutylidene Ae< ume, 229 
Isobuiylouitrile, cho 
Isubutyialdoxime 2x3 
Isobutyramide, 277 
Isobutyric Acid, itu, S38«869 

. . Dc^ivaLlve^, 2O8, 402, 42J 

-Aldol, 339 . 

-Formaldehyde, 848, 421 

-Isovaleric Aldol, 339 

Isobutyrokn, 342 
Isobutyrone Oxime, 227 
Isobutyryl, 343 • 

—— Chloride, 871, 315 
Cyanide, 409 

■■ ■ Formaldehyde. Sec Isobu'yiir F ■ 

hyde 

-Isobutyric Ester, 114, 418 

Isocaprolactone, 299, 374. 559 

Isocholcsterul, 677 
Isocholine, 329 
Isocftric Acid. 357. 811 
/.ocrotonic Acid, 292 295, 897 

-Aai’ide, 298 

Isocyanate, Carboxcthyl, 445, 408 
Uoryanatea, 159, 242, 401 , 463, ^73 
Isocyanides. Ses Isonitriles 
Tsocyanopen, 459 
IsocyanoLctrabromide, 439 
Isocyanozlde, 459 
Isocyanuric AcM, Esters of, 139 
Imides of, 473 
ls>ocystelne, 54a 

-A< id, 54a 

Isocystinc. 54* 

Isodehydracetic Acid, 390. 4*7 S2i. 671 
^ Isodcxtrosamine, 624,633. 03/ 


malde 
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lAodlalarlc Add, 577 
diasoacetic Ester, 403 
i'<dibromosuccimc Add, ^0, 508, 603 
lat dibutylene, 83 , 

is< dibutyryl, 319 
l^odicbloroDUtyric Add, 297 
Isf'dicblorosuccin^ Acid, 300 
Isodiisobutyryl, 313 
IvodiUovaleryl, 315 
l&odipropionyl. 3x9 
ibodulatol, 6x9 
isoenidc Add, 30X 
Jsohexenic Acid, 299 
Isohexenc Acid, 539 
Isohexylene Gl>xols, 814 , 315 
Isobydracetic Add, 417 
Isobydrosorbic Acid. 299 
Isobydrq^ybutyiic Acid, 297 
Isohydroxyurea, 448 
Isolauronolic Acid, 424 
Isokucine, 890 , 667 
Isomalle Acid, 550 
Isomelamines, 473 474 
lsonierj«m,25 

-Aloergalic, 209, 514 

-Dynamical, 494 

-Geometrical, 32 • 

Isomuscarine, 340 
Isunitramine Acetic Add, 897 , 381 

-Acetoacetic Add, 544 

--Ester, 416 

■ Fatty Acids, 896, 403 

-IsoRitroso Denvalivci., 416 

Isooitriles, 158, X92, 230, 24 ^S 847 ^79 
l&unitroetbane, Bciiroyl, 13X 
Isonitroiorm, 155 
Isonitro-parafhns, 130 
IsonitropTopane, 151 
Isonitrosoacetoacctic Ester, 543 5 I 8 'io8 
Isonitrosoacetone, 354 

Dicarb<y(y)ic Ester, 569 
Isonitrosoacnic Acid and Estei 230, 406 60R 
Isonitrosoacetyl Acetoue, 53O 
Isonitrosobarbituric Acid, 580 
Isonitrosocyanacetamide, 564 
Isonitrosocyanacctic Acid and Fstd 
Isonitrosoryanacctohydroxainir it! s<»4 

Isonitroso-tatty Acids, 153. 311 ^. UjJ 
Isonitroso'kctoncs, 219, 344, 34 '< ®54 

Aonitrosolaevulmic Acid, 647 . 
Isonitrosomalonic Acid, 530, 668 
Isonitroso-malonyl-urea, 563 
Isonitroso-methyl'isuxazoloiM’. s 1 7 
Isonitro&onitroacetir Aster, 4{'s 
Isonitroso-nitro-Miccinic Atut Xi’t ' 38 j 

Isonitrobbpropionic Acid, 410 
Iso-octenolactone, 398 
Uo-olfic Acid, 30Z 
Ifpparaconic Acid. Isopropyl, 5^7 
Isophoron^ 221, 889 
Isopral, 364 
tsoprene, 91 

Isopro^nyl Ethyl Ether, 29 , t'8 
Isopropyl Acetonitrile. 260 

-Alcohols, H4, 117 , 5271 529 

—— Barbituric Acid, 577 
—— Bromide, 135 

— Butyrolactdnes, 375 
—— Carbinol, riQ 

— Bther, 129 
Ethylene, 85 

. —Oxide, 318 
Glyoxal, 348 
Iodide, 118. 186 . 313 
IsoaAyl Ethyl Alcohol, 107 
Methyl Butyrolartone, 375 
— Caprolactone, 375 

— Mustard Oil, 470 

-Nitrate, X37 

-PyroUdone, 395 

—— Sucdnlmlde, 498 
Isopropylamlne, 164 

Methyl Carbtnol Acetate. 287 
Ketone. 314 


Isopropylamine. Zinc, 187 
lsopropyl>bepiane-2>one Add, 3,424 
Isopr^ylidene Acetoacetic Ester, 423 
-Cyanacetic Ester, 508 

— Isobutylidene SucciAc Add, 539 
Isopurone, 382 

Isopyrotritaric Acid, 351 
Isoquioollne, 62, 69 
Isorhamnonlc Acid Lactone, 6x9 
Isorharenose, 619 
Isosaccharic Acid, 637, 654 
Isosaccbarine, 603, 680 , 66x 
Isosetine, 393, 841 
Isosuberone Oxime, 393 
Isosuccinic Acid, 259, 490 

— Ester. Cyano-Imtdp, 6x9 
Isolhioacetanilidc. 374* 

Isothiocarbimide, 466 

Isothiocyanic Acid and Esters, 466, 4 ft 

Isotbiocyaiiuric Esters, 471 

Isothiuram Disuli^hfde^ 430 

Isotricbloroglyceric Acid, 408 

Isotnethvlin^ 338 

Isourca, llenvatives of, 446 

Isouretin, 244 , 283 

Isouiic Acid, 380 

Ikovaleraldehyde, 65, 901 3x4, 390, 322, 673 
Isovaleraldoxime, 2x3 
Isovaleric Acid, 258, 960 , 620 
Isuvaleryl Halides, 271 , 315 
Isoxatolcs, 216, 232, 344, 350, 864 
Isoxarolone Derivative--, 543, 547, 364, 567 
Isoximes, 213, 394 

Itabromopyrotarlaric Acid, 600 , 537 
Itachloropyrotnrtaiic Acid 600 537 
Itacnnanilic Acid, 316 
Itacnnic Acid'--, 65, qo, 616 316 

- Derivatives, 516. 317, 59 . 3 * 

Itadibrnmopyrotartaric Acid 601 361 
Itamalic Acid, 337 

— -Derivatives, sst 


Jalapin, 619 
(apan Wax, 262 


KEPIR'LACTASE, 658 
Keratin, 674 
Kerosene, 78 
Ketazincs, 988 , 628 
Ketones, 270, 474 , 475, 468 
Ketipic Acid. 34^. 608 
Ketoadipic Acid, Oximes of, 570 
Keto-amines, 345 
Ketoazelalc Acid, 371 
Ketobrassidic Acid, 304 
Ketobutyric Arid, 410 

Keto-compounds. S« also Oxo-compotinds, 
and Ketone Compounds 
Ketocyctobutane Tricarbosylir Fsttr, O14 
Keto-cycIoparaiTin Carboxylic n>ii rs, 304 
Ketoglutarm Acids, 668, bi2 
Ketohydroxystcaric Acid, 302, 046 
Keto-lactones, 543 
Ketols, 340 

-Derivatives, 342 

-Olefine, 343 

-Saturated, 340 

Ketomalonic Acid Group, 382 
Keto-methyl-caprolactone Carboxylic Arid, 607 
Ketone Alcohols, 228, 306. 340. (>23 
-Nitrogen-containing Derivatives of the, 


• Aldehydes, 348, 528, 537 p 629 

-( arboxylic Acids, 306 

—--Di-, 546, 607, 656 

-Mono-, 436 gt sef., $62, 607, 6x2 

-Tri-, 59 *. *55 

-Cyanhydrines, 379 . 

-Decomposition of Acetoacetic Eater, 4x3 

■ — -of Oxalaectic Ester, 346 

-of Dlacetyl Diimlnoaaipfc fitter in- 

^diiced), 633 
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Ketone Nitriles 418, 418 430 
■ " ■ - Lslers and Derivatives, 418, 4x9, 4ao 

— — Oximes, 4x0 

' ' ■ Nitrogen Derivatives of, 418, 4x9 
' ■ Pheuylbydrazones 328 

-Semicarbazones 228 

Ketonsb xoo X03 xo6,134,139,193 

— Acetylene 233 

-Alkvl Ethers oi the, 335 

— Cyclic 504 

—~ Halogen substitution pioducts of the 94 

331 *34 S 85 

-Hydrozymethylcn** 349 

— ■ Olefine and DiolefiiiP 9^ 

-Oaimeb of Cyclic 394 ^ 

-Nitrogen Denvati\ tb <}f the, 226 

-Saturated, 

Di 346 
Heza , 647 
Mono , 3x6 
Tetra , 59 ? 

Tn , 537 

— Sulphur Derivatives of the 3 5 
Ifetopentametbylene Me not 11 boxyiic Acid Lster 

90s 

Ketopentane Tnoles 620 
Ketopimelic Acifis 370 
Kctompendine 3^6 
——Derivatives 535 

— Tnmcthyl diethyl 435 
KetopyrroJidone Dim tlyl 421 
Ketostearic Acids 30} 304 484 
Ketosuccmic All Is 5! | 

Keto tnmetbyl dihyOioisoxazole Oxime 231 
Ketovalenc Acul 421 
Ketovalerolactooe Carboxylic Acid 408 
Ketoximes xstftseq i )7 887 

-Derivatives 253 345 

Kjeldah $ Method for determinii g Nitrogen 8 
Kltrsel 639 
Kola Nuts 590 

1 ACTALBUMIM 670 
Lactamide 378 
T actams 36 39 888 
I acturtus tolemu^i 625 
Lactazams 404 4x6 4x9 567 
(actazones 4of 4x6 
lactic Acid 193 247 258 
389 40B 528 Cso 633 
Badllus 363 
Derivatives 361 371 
Fermentation 362 363 365 431 6 ( 
Nitrile 380 

-Anhydride 367 

-Fster Chlor cirbonite of, 430 

- Fthyhdenr 1 ster, 368 

Lactides 367 38s 
Lactime 39 
Lactimidc 303 
Lactimidohydrin 378 
Lactobionic Aci 1 660 
Lactone Cirboxylic Aiids 492 
Lactones 3x0 871 tt «q 375 
Lactose xx3 624 ^ S C31 654 660 
—Ctrboxylic And Cbo 

— Derivative 660 
Lacturamic Fster 443 
Lactyl Acetyl Lactic Acids 367 

-Ureas 443 444 

Lactylolactic Acid 367 
LMVulinamide 423 
Lavulime AecUc Acid 570 

— Acids 343 307 421 4-3 340 609 

-Derivative 4 x 423 348 

-Aldehyde or 84 B 
^ Metbylal 348 

-Cblondi 423 

Lasvulosan Trinitrate 636 

Laevulose X13 239 4a* • o 630 634 888, 

631 6 S 9 

I anocene And 677 
F anolia 36 s» 677 
LanopalnutM Add 677 


313 34X 862 o* 4 


Lauraimde, 378 
Laurie Acid 333 361,888 
—————Ester 268 

— — Aldehyde 201 « 

Launnamigoxime 2Q 
Laurone nj %, 

Lauronitrile 381 

Laurus nobtlts 363 « 

- ptf&ea 625 

Lauryl Keloxime 237 
Lesier egntaury > 3 
Lead Alkyl derivative of 188 
Leilhcr 73 

Lecithin 329 530 681 666 676 
Leiocr me 663 
I cm s 6x0 
Lcpsi^.yhc Acid 506 
Lcucic And 301 

Leucine 163 889 390 394 443 66> 

-C\rboni( Anbydril f$7 

-ChJ ui le Hydiochl iide 390 

— D iivativcs 392 

-Glycyl Aspsrtyl 356 

-r cucyl 392 

Leuco nitxxjlic An 1 Sslts 134 
L urotunc Acid 3 o 
Lcucyl Asparagin >3 
■ Leuoim 392 c 

-1 ntiglyryl ( ly me 393 

— Proliii 543 
Lichcnin, 662 
Lichtns 496 663 
Lietrrmaiin Ni r 01c ction 173 
Light Action oi 6 

I iKnitc 79 49a 

Lign sc or4 
I r 1 78 

f 1 iiloot X23 '*33 423 
I inoleic Acid 301 
Llnolic Acid 30 
1 ipasp 531 
I iver bl ireh 662 
Locust tree 249 
I up ol C77 
I uppose 061 
/«'» ns 390 634 
I upinus it t us I 77 
I V inc 330 367 
/\r uf* b rrbarum 87 
I ympl t.Unds ** j 

1 yb'iibu \cid 670 * 

1 ysidme 333 

Lysine 334 390 44 S4S 543 667 
JyxonicArii Org t 0 
Lyxosc 6x6 6x9 • 

Magnesium Alkyl 7 Z03 124 X33 *144 147* 

171 284 

— — Halides 186 189 193 2x7 310 31O, 

318 3*9 3^9 3<'^ 417 . 

-r tl ei L s 185 

-Alkyl 18| ' 

V'lgnetic Rotary P u i 47 
Maleic Acid '»8 it 3^ 34 63 

-Hslf Aldpl y I c f 

- - ■ ■ Hal-ud 414 

— —— Ismensm c £ ji** 

— — Substitutp} 516 

— Anhydndc 3x0 

-Anhydndc Alkyl 518 319 393 

-Chloncl 4X1 

Malem Hy li'iside 311 
Mal(*maintc Acid 511 
Malelnanil 5x1 
Maleinanilic Acid, 3x1 
MalemdUBiiide sxx 
Malcinimide 4 xx 
Malcfnmethylamic Acid 51T 
Malic Acid 247 499 88 ^ 5 ^ 1 » 9^5 
-- — Deiivatives 356 

— — Homologues 431 3x9 336,337 
—- Adds, Airndcs of the 433 
Malon imide, 489 

— Derivatives 4S9 -> 4 o 577 599 


86 
402 

3x8 


610 . 5 V« 
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^^AlonanlUe Add Btter, Acetjd* 4x9 
llalondiamidoxlme, 469 
Malondlbjdrozamic Acid, 4A9 
Malonic Aldehyd^ 947 , 354, 40X * 

-Acid, a 49 i ^56, a86, *96, 444, 4 t 7 , 385 

- — ChiorioM of, 486 

— -Derivatr^es, 403,'49x» 549. •5r7 

— — Glycolyl, 607 

■ Acids, Iialogen-substltuted, 489 

— -Nitriles of, 489 

■■ Carboxylic Ester, 593 

— —■ - Derivatives, 306, 490, 491, 508 533, 
550, 6x4, 615 

— Eater, 354. *«■» 377, 88’. 5o6, 566, 592, 399 

-Derivatives, 394, 395 , 4 * 9 , 489 , 493 , 

543,550 

— .— ■ Dicyanoaceloacctic, 655 

— ■ %tethylene Compounds, 561, 613 
■ —— Sodium, 6x5 

Hydradde, 489 


Malononitrile, 489 
Malonuric Acid Dialkyl, 377 
Maio^i Chloride, 488 
Cxua’iidinc, 376 

— Thiourea, 576 

Urea, 444, 870 . 583 « 

Malt, 1X3 

-Germ of, 387 

Maltese, 633, 638 
Maltobioolc Acid, 660 
Maltobiose, 660 
Maltooic Acid, 649 

Malto.ie, 1x3, 1x4, 633. 649, 060 , 66x, 663 

■ Carboxylic Acid, 661 

—— Derivatives, 66x 

Manna, 634, 66x 

Manna-ash, 633 

Mannide, 633 

Mannitan, 633 

Mannite, 633 

Mannitol, 99, xi«,6ot, 083 , 627, 631, 633 633.683 

• — Dervatives, 634 

Maiuiitose, 633 

Manno-amine, 634 

Mannohepitol. 634 

Mannoheptonic Acid, 631 

Mannoheptose, 087 , 651 

Mannolactone, 633 

Masonic Acid, 624, 648 , 649, 633 

—A Lactone, 633 

Mannononic Acid, 637, 668 

Mannononose, 637,633 

Manno-octilol, 625 , 

Manno-octonic Acid, 637, 651 
Manno-octose, 633, 087 , 

Mannosacchhric Acid, 633, oso 
Mannosaecharotaclonc, 633 
Mannose. 624, 630, 681, 633, 051 
■ Carboxylic Acid, 631 

-Derlvativ, 832 

Mannosimine, 636 
Maple, 63A 

Margaric ifdd, 223, 36x, 888 

-Aldehyde, aor 

Margarine, 364 
Marsh Gas, 71 
Mass Action, Law of^ 263 
Meat, Etecay of, 334 

— Extract, 436, 598 
Melam. 473 
Melamine, 473, 478 
Melampyno, 634 .< 

Melanuxenic Add, 473 
Melasae, 387. S 9 o. ••• 

Ifoledtose, 66r* 

Melem, 473 
Melibiooe, 65D. 001 
Melissie Acid, 361. 

Melissyl Aleohol, 132 
Melltose, 66x 
Melltrlose, 661 
Melting-point, 45 
Menthone, $ 75 , 424 , 493 , 503 

— Oxime, 396 

VOL. I. 


MercaptO'aininopsniiiiidiae, Ethyl, 374 
Mercaptal Carboxylic Adds, 376 
Mercaptals, X43, 300, 808 , 617 

- . and their Sulphones. 309 

' Dextrose, 634 
^— Ethylene, 334 

- Rhamnose Ethyl, 619 

Mercaptan Carboxylic Adds, 376 
Merc^tans, 83, 148 ,146, 884 , 433 
—• Glycerol, 330 

Tellurium, 149^ 

Mercaptides, 148 , Xflb 
Mercaptol Carboxyiic^dds, 376 
Mercaptols, 143, 309, sao, 880 , 339 

-Ethylene, 334 

Mcrcapto-mercaptols, 339 
Mercapto-oxypyrimidine, Methyl, 374 
Mercarbide, zx6, 481 

- — Acetone, 333 
Mereurialis anua, 164 

- perennis, 164 

Mercuric Cyanide, 343 

-Hydroxide, Ethyl, i88 

Mercury Acetamide, 276 

— Alkyls, 187, 188 

— — Iodides, x88 

-Allyl Iodide, x88 

-Dictbylene Oxide, 330 

■ • — Dipropionic Add, 389 
—^ Ethanol Iodide, 330 

-Eormamide, 339 

-Fulminate, 131, 848 

-Mcrcaptide, X43 

-Nitrate, Methyl, x88 

-Nitroacetic Ester, 380 

-Propbylene Glycol Iodide. 333 

Merotropy, 38 

Mesachloropyrotartaric Acid, 300 
Mesaconanilidc Add Chloride, 5x6 
Mesaconic Acid, 407^ 420. 3x5, 518 

— ■ -Homologues 01, 408, 3x6, 3x9 

Mcsaconyl Chloride, 3x7 
Mesadlbromupyrotartaric Acid, soz 
Mesltalcohol, 230 

Mesitene Lactam, 399 

-Lactone, 808 , 571 

Mesltonic Acid, 396, 488 , 339 

-—— Derivative, 424 

Mesityl Nitrunine, 33X 

-Oxide, 9Z, 23 t, 225, 228, 888, 298, 342, 348, 

423. 534 ^ . 

-Derivatives, 331, 342, 348 

Mesitylenc, 69, 321 
Mesitylic Acid, 494 . 496 * 668 
Mesodibromopyroracemic Acid, 397 
Mesodinitroparaffins, 184 , 236 
Mcsoporpbyxin, 673 

Mesotartaric Acid, 28, 32, 34, 51X, 600, 603, 604 
Mesotartaronitrile, Dlacetyl, 605 
Mesoxalic Dialdehyde, 537 

-Add, 444, 328, 489. 660 , 57a 

---Derivatives of, 563, 564 

Mesoxalyl Urea, 378 

Metacarbonlc Acid, Esters of, 437 

Metacrolein, 315 

Metaformaldehyde, 199 

Metaformic Acid, 335 

Metaldebyde, 199, 800 

Metallo-Orgaoic Compounds, 183 

Metamerism, 33 

Metapropyl Aldehyde, 201 

Metapyroracemic Acid, 408 

Metasacebario Add, 374, 068 • 

Metasaccharine, 620, 621 

Metaaaccharopentose, 605, 620 

Metbacrylic Add and Ester, 224* 887 , 303 

- Anilide, 398 

Methane, 64, 66, 67* 71 , zo8, 342, 338 
-Disulphonate Phenylhydrasone, Potassium, 

—^^omologues of, 74 

-Tricarboxylic Ester and Dcri/ative, 392 

Methanol Piperidine, 6x3 
-Vrisulphonate Potass^m, 4 S 4 

2 Z 



7o6 

Methatomc Add, jsi, ttt 
lietheayl (radtcd), S4, 233 
■ ■■ Amidme, 244 

' Anudoximt, til, 283 
—Acetic Add, 489 
—~ Bls-eeetoecetic Eeter, 848 i 610 

-Bu-acetyl Acetone, 3^6 

Bis-malonio Ester, 6x3 
—• Carbdbydradde. 4^ 

Duniphonie Add. Set Methioaic Acid 
Methlne (radtcel), 24, 233 
' ■ Tnpropioaic Ester, 594 
— — Tnsulphonic Acid, aio, 247 
Hethionsc Adds, 212 , 377, 434. 536 
Anilides, 2x0 
Methionyl Chloride, 210 
Methose, 636 

Methoxy*dImeth7l-2cetoacetic Ester 546 
MetboxTaeetonitrile, 379 
Methoxybutyronitnle, 380 
Metboxyeeilelne, 563, 59X 
ICethoxyeitric Acid 6xx 
Methoxycrotonic Ester, 4x8 
Methoxylimine, x 7 s 
Methoxymesityl Oxide, 343 
MethoxymethjI^ne Glutaconle Ester, 561 
Methyl Acetic Acids, 258,260, 261, 268 

-Acetobutyl Alcohol, 342 

-Acetyl Tbiocarbamate, 449 

— --Urea, 442 

" ■ ■ - Alcohol, 99, 122 

Aldehyde, 197 
AUantoIns, 171 , 383 

-Alloxan, 579 ^ 

—Ammonium Compounds, 164 
—^ Arsenic Compounds, 176, 177 

-Asparagine, 536 

Atoic Add, xyi 

-- Biuret, 446 

■ Borate, 141 

-Bromide, 13$ 

Butene Lactone, 398 

-Butyl Tetraxone, 171 

■ - - Caproiactams, 396 
-Carbamic Ethyl Ester, 436 

— Carbamyl Chloride, 438 
Carbimide, 462 

- Carbinols. xi8, 119, xao, xai 370. 37 * 

-Carbonic Ester, 428 

-CarbothoUc Acid, 274 

-Chloride 181 i6x 

-Chloroform, 93, 284 

Chloro Ketones, 341, 350 

•-Crotonie Acid, 298 

Cyanamide, 472 

— Cyanide, 280 

— ■ Cyanunc Acid, 464 
—^Cyclohexanone, 375 

-Oxime, 396 

Cyclopentanone Carboxylir Pster, 303 
Diecane Dicarboxyhc Acid, 507 
Dlaeetamide, 277 
Diasoimlde 171 
Dibarbituryl 378 
Dlchloramtne 167 
Diethyl Betaine 387 
Glyoxime 334 
Hydantoln 443 
Melamine 474 
peroxide 
Plnacone, 224 
Semlcarbaside, 447 
Thetine, 377 
Dilodamlne. 167 
Diketones, 349 
Disulphides, 144 
Bther GlycoUtc Acid, 366 
Bthen. 127 . 129 
— Cnloiida, 140 , 

Bthyl Btbylena Oxide. 318 
AcetaldehTde, sox 
Acotonltcfle, 280 
Aoetylane, 89 
AcfoMn, 2x3 , 

CarUn Caiwol. fi 4 i 
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Methyl Bt^l Gtyddic Biter, 340 
Glycollic Acid, 363 
——NatMe, 379 
Ethylene Glycol, 3x3 & 

■— Imme, 335 
Fluoride, 133 ^ 

Glyceric Acids, 339 
Glycerol Aldehyde, 334 
Glycidic Acids, 539 
GlycocoU, 387, 436 
Glycocyemide, 387 
Glycocyamidinc, 436 
Glycocyamme, 436 
Glycolue Ester, 366 
Glyoxal, 248 , 356, 630, 633 
Derivatives, 348, 336 
Glyoxalidine, 333 
Glyoxime, 354 
Guanidine Acetic Acid, 456 
Guanidines, 433 
Heptenonr, 91, 212 , 422 
Glycol, 352 
Heptonic Acid, 633 
Hexyl Acetonitrile, aSx 
Hydantoin, 387, 448 , 436 
Hydrarine, x 68 ,i '70 
Hydrouractls, 444 
Hydroxy hydrosorbic Ester, 39I 
Hydroxyl Urea, 448 
HydroxyUaiine, *73 
Hypochlorite, 141 
Iodide, 136 

Mercury, x88 
lodochloride, 136 
Indole 667 .. 

Isoaeetoxime Sodium Iodide, 227 
Isobutyl Glyoxime, 334 
Isobutylene Amine, axx 
Isocitric Acid, 61 x 
Isocyanate, 462 
Isocyaniile, 248 
Xsodialunc Acid, 374 
Isopropyl Acetamide, 278 

- Carbinol, zx9 181 

Kctoxime 887 , 345 
Pmacone 314 
Isothiocyanic Ester, 470 
Isourea 446 
Isouretin 244 
Isoxazoles, 334 
Ketone, 234 473 

Derivatives, 224 226, 227 

-Ketones, 223. 223, 232, 230 

—^ Ketoximes 227 
— Lssvulinaldioxime 333 1 

-Mercury Nitrate, x68 

-Methylene Amine, 2x1 

— Morpmmethin, 329 . 

-- Mustard, Oil 470 

-- Nitrammes, 169 

— Nitrate 187 (38 

— Nitne Ester, 137* V 

— Nitroform. 284 

-Nltrolic Acid, 164 , 243, 244, 248 

— Nitromalonic Fster 349 

— Nitrosourethane, 437 Su a/so NUroso 
methyl Urethane 

— Nitrourethane, 437 
-Nitrous Pster, 138 

— Nonyl Ketone, 223, 884 , 261 

— (Enaothone, 223 ^ 

— Orthosilicate, 141 

— Oxalacetanil, 367 

— Oxalacetic Pster, 567 
—Oxamic Acid, 463 

—■■■ Parabanle Acid, 446, 878 

— Paraeonie Acid, 208. 374. 887 
-Pentamethylene Glycol, s *3 

— Pentenie Acid. 519 

— Penthlophen, 302 

— ■ Phenyl Osaaones, 620 
Osotiiasole, 356 
Pyridasoiene, 484 

Pheiplunie Add, 179 
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Msthjl Phosphite, 141 

— Plpendone, 396 

■■■ ' Propene Tricarboxylic 4|Cid, 393 

Propyl Acetamide, soz 7 s 7 < *# 

— —-Carbinoifxi9, iJl 

—— Glyoaime, 354 
——-Parmes, #84 

— Pyrasoles, 343, ste 

-Pyiasalone, 599, 416 

-Pyndasinone, 424 

■ Pyndaxolone, 424 
-PyrroUdines, 333 

— Pjrrrolidones, 396 

■ ^inoUne, 339 

■ ■ ■ Semlcarbaxide, 447 

Staoiue Tnhalides 183 
^ Stannomc Acid, 1S2, i8j 

■ Succin^midc, 498 
Sulpbiae, 143 

— Sulpbobromide, 145 
Sulphocarbamide, 470 

" — Sulpbochlondv, 147 
' Sulpbones, 146 

-Sulphonic Acid, 146 

Aobydride, t\7 
Calcium Salt, 247 
Sulphooyl Isocyanaic«463 
Suipboxides, X45 
Sulpbune Acid 139 
Tartrodinltnle, Acetate of. 3^0 
Tartroaic Acid, 409, 650 
Tellundc, teS 
Tetrabydrorurfurane, 3x8 
TetrSmetbylenc Glyrol 313 
Tetrozuc Acid, 420, 544 345 
Tetrose, 603, 619, 646 
Thialdme. 209 
Tbiosemicarbaride, 434 
Triacetonaroine, 230 
Trtmcthylene G]y<'>l, 314 
Uxca ,^41 574 
—^ Uracil, 416, 874 384 

-UramiU, 378 

-Urea, 440 

-Uric Acids, 582 

- - Xanthic Lthyl Ester, 433 

-Xanthine 589 

Derivatives 391 


Methylal, 203 
Metl^lamme, 104 , axi 
Mrthylaxide, 269 171 

• Ml thylene Aininoac-^tonitrile, 242, 386, 587 

5 «« ofoc Glycol oil 

-Bromide 206 

— Chloride, tOt 

-Cyanhyflnn, 385 

— Cyamde, 489 

-Diacrtamide, 277 

~ > Diacetate, 207 
-Diamine, 2X1 

-Derivatives, 277 

-Dieth^ Sulphone, 250 245 

-Dusomtrannne, 134 

— - Disulphonic Acid, 468 Sff Metbionn Add 
' - Diurethane, 436 
— Bthers, 203 

-Glycol, 199 - 

— Derivatives, 204, 207 
Iodide, 80. 800 . 246 

Bactate, 367 

Malonic Esters, 508 , 6x3 
Mannonlc Laatone, 649 
Suceimmide, 499 ) 5 X 5 
Sulphones. 209, 2x0, 245 
Tbiocyanafe, 4^8 
Urea, 44X 


Metbylenitaa. 63* 

Metbyl-heptane- 3 -ol- 2 , 5 t 6 -trlone, 597 . ^ , 

Metbyllmidodlthlocarbonic Dimethyl Ester, 

430 

MethyUmldothiobiasoUiie, 434 

Methyl - meroapto • 5 • methyl - 6 • oxypyxux^line, 
ySneoec*, 63X 


Aiierococ€ua Merits 256 
Milk, Albumin, 67a 
—— Caaeln, 672 

— Sour, 362 

' - Sugar, 660 Sm die Lactose 
Mmeral Acids, Esters of, 130 

-Oil, 77 

-Waxes, 79 

Mixt. sulf. acida, 139 
Molasses, 588. 659 

-Dry Distillation oL xxo 

Molecular Volumes, 45, 46 

— Weight. Detirraination of by the 
chemical method, 10, from the vapour 
density, xz; Victor Meyer's method, 12: 
of suTCtances when in solution, xs , by means 
of Osmotic Pressure, 13 ; plasmoiytic method, 
13 ; from the lowenng of the vapour pressure 
or the raising of the boiling point, 14 ;* Beck¬ 
mann's method, 15 ; from the depression of the 
freezing point, 13; Beckmann's method, 
Eykmann’s method, 17 

M )u ict tin, 530 

Monsminothiocarboxylic Acids, 542 
Moniodoacetic Acid, 288 
Monoammohydrocyanuric Arid, 474 
Monoamino hydroxyl-carboxvUr Acids, 340 
Monobromacetal, 203, 855 
Monobromacetic Aadt, 368 
Monobromacetone, 224 
Monobromethane, 135 
Monobromethyl Ether, 287 
Monobromo asym. dimethyl-succinic Acid, 336 
Monobromocyanacetie Ester, 489 
Monobromofumaxic Acid, 3x4 
Monobromoleic Acid, 301 
Monobromomalele Acid, 314 
Monobromomalomc Acid 489 
Monobromomethane, 135 
Monobromomethyl Acrtatr '07 
—— Et))er, *07 

Monochioracetal, 20X, 20s 8 DS 337 
Monocblorscetaldcbyde, 803 317 
Monochloracetie Acid 887 , 320 
Monochloracetone, 884 4x7 
Monochlorethane, 233 
Monocblorether, 129 
Monochloretbyl Acetate, 207 
-Alcohol, 117 

— Ether, 207 
Monochlorhydnn, 532 
Monochlorodiacetin, 530 
Monochloroformic Acid, 238 
Monochlorofumane Acid, 5>4 
Monochloromalelc Acid, 314 
Monochloromalonic Acid, 489 
Monochlorome thane, 135 
Monochloromethyl Acetate, 207 

Ether, 206 

• - Propyl Ether, 206 

Monoetbyun, 331 
Monofluoracetic Acid, 288 
Monofluoromethane, 134 
Monoformal Tartaric Acid, 604 
Monofonnaldehyde Uric Acid, 582 
Monoformin, 237, 880 
Monohalogen Acids, 288 
Monoha^hydnns, 329 
MonoioMeetaldchyde, 303 
MonoiodofUccimc Acid, 300 
Monoiodocyanacetic Ester, 489 
Monoiodofumarlc Acid, 514 
Monoiodomethyl Ether, 207 
Monolactonic Acid, 360 
Monomethyl Pseudounc Acid, 378 
— Thiourea, 452 
Mononltroglyeennes, 530 
Mimonitro-oicflne, 148 
Mononitroparaflins, 148, xgs 
Moaoses, 1x3. 66z 
Konosteann, 330 
Monosulphide, Tbiuram, 450 
Monosnlphonlc Acid, Dicbloromethsoe, 247 
MoaotMoacetyl Aoetoae, 3 Su 
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lConothio*bift-malonlc Ester. .^89 
Monotfaioclrbonic Acids, 43^ 
Monothiocjanunc Acid, 471 
Monothioetbylene Glycol, 324 
Mofinga oleifermt 26a 
Morphine, 164 

-Bases, 330 

Morpholines, 330 
Morphotropy, 44 
MosS’Starch, 662 
Mountain Ash, 303 

-Berries, 399, 35 * 

Mucedin, 670 
Mucic Lactonic Acid, 654 
Mucine, 636 
Mucinogens, 67a 
Mucins, 672 

Mueobromic Acid. 303, 398, 515 tot. 535 
Mucocblorie Acid, 308, 483 . 333 
Muco-hydroxy-broraic Acid, 54O 
Muco-hydroxy*chloric Acid, 346 
Mucoids, 67a 
Muconic Acid, 033 , 606 
Mitcor mucedo X14 
Mucous Feniii'utaiion, 631 
Murexan, 57'^ 

Murexide, 37 '' 880 
— Reaction. 580, 581 
Muscarine. 830, 340 

Muscles, Fluids of the, 363 {64 

Musculin, 670 
Mushroom, 62S 
Mustard, Oil of, 123 

-Oil, X 5 Q, *66. 331, 460, 408 

-Test, 469 

-Seeds, Black, 470 

Mutamtation, 634 
Mycoderma aceti, 256. 34 x 
Mycosc, 661 

Myd&us Mafchei Hurt, 143 
Myosin. 670 

Myiicyl Alcohol, 182 , 2(>2 

-Halides, 135, 136 

-Kctnxime. 227 

-Palmitate, 269 

.Ifyristamide 276 

Myristic Acid, 223, 26 x, 212 , 677 291 

-Ester, 268 

-Aldehyde, 201 

.WyftVtcaStfftnammf’*, S 3 * 

Myristln, 26a, ssi 

-Aldoxime, 213 

Myristinidozime, 2^3 
Mynstone, 223 
Myristonilrilc, 281 
Myristyl Nilrat»\ 137 
Myronate, Potassium, 470 


Naphtha, 77 

Naphthalene* Sulphoataiitne, 388 

-Sulphoglyrine, 388 

Naphthenes, 78 
Karingene. 6xq 
Neftigil. 7 ') 

NcroU Oil, 110 
Nerve Tissue, 530 
Nettles, Stinging. 236 
Neuridlne, 334 
Neurin^ x66, 880 , 310 
Nickel Carbonyl, 21/ 

Nitramlnes, lot, 192 
mtrate. Acetyl, 27* 

-Ethylene, 3*3 

-Urea, 439 

Nitric Add, &ters of. 137 
mtrile Bases, 136. *6s 
Nitriles, 167* 2*a, 2x7, 240. 242 
— Acid, 240, 278, 374 
Nitriloacetonitrile, $BB 
Nitrolomesityl Dioxime Peroxid.- 231 
NitrUO'Oxalic Esters, 484 
Nitrilotriaoetie Acid, 388 
NUrimiae, Hoiltyl. 23* 


Nitrite, Acetyl. 271 
Nitroacetaldehyde Hydrasone, 130 
Nitroacetamide, 38(|» 

Nitroacetic Ester, 380 
Nitroacetone, 344 * 

-Anil, 344 

Nitroacetonitrile, 249, 880 e 
Nitioalcohols, 151, 888, 344 
Nitroaldebydes, 339 
Nitroalkyl Isonitrammes, 114 
Nitroazoparaffins, 150 
Nitrobarbituric Acid, 377 
Nitrobenzaldebyde, 63 
Nitrobensene, 63, 148,138 
Nitrobensoates, 401 
Nitrobiuret, 445 
Nitrobromacetamide, 380 
Nitrobromalcohols, 339 « 

Nitrobromoionn, 132 
Nitrobromomaloiiic Acid, 563 
Nitrubutanes, 151 
Nitrobutyl GlyceioN, 151, 899 
Nitrobutyric £:>lei, 3^0 
Nitrocarbamic Acid, 437 
Nitrocelluloses, $30. 804 
Nitrochloroform, 152, 488 
Nitrocyanacetamide.^so 
Nitrodibromacetic Acid, 380 
Nitrodibromacetonitrile, 360 
NitrodibromomacetamiUc, 380 
Nitrodimethyl Acrylic Acid, 399, 380 

-Itomeric Ester. 380, 399 

Nitroervtbritol, 596 
Nitroethane, 151 
Nitrocthyl Alcohol, 117, 888 

-Urea, 44* 

Nitroetbylisouilramine, 154 
Nitro'fatty Acids, 860 , 549 
Nitroform, SB, 158 , 235, 2 ^ 7 i 4*9 
-- Methyl, 284 

Nitrogen, detemimation of, 6; Dumas' method 
6: Kjeldahl's method, 8; Will and VartVsn 
trap's method, 7 

-Carbonyl, 447 

-Stereochemistry of, 36 

— Trictrboxylic Di-csiitr Nitrile, 443 
' ■■■ Tricarboxylic Ester, 445 

Nitrogylcerine, 264, 688 
Nitroglycide, 533 

Nitroglycollic Acid, 368 * 

Nitroglycollyl Glycollic Acid, 368 
Nitroguanidine, 458 
Nitrobydantoin, 442 
Nitrobydrazones, 150 ' 

Nitrohydroiylainniti. Acids, X94, 283 
Nitroisobutyl Glycol, 533 • 

Nitroisobutylenc, 151 
Nitrobobutyric Acid, 380 
Nitroisobexylene, 151 ^ 

Nitroisopropyl Acetone, 231 
—— Alcohol, 328 
Nitroisovaleric Acid, 260, 380 
Nitroisoxazole, 535 « 

Nitroketones, 344 
Nitrolacetic Ester, 486 
Nitrolactic Acid, 3C8 
Nitrolamines, 34s 

NitroUe Acid, 150,152* 188 ' 8 * 4 > iB% 

-Derivatives, 154, 249, 409 

Nitrolomalonic Acid, 489 

-Ester, 380, 549 

Nitrolomalonimidoxime, 489 ^ 

Nitrolosuccinic Dimethyl Ester, 607 
Nitromalic Ester, 553 
Nitromalonamide, 380, 008 
Nitromalonic Aldehyde and Derivatives, 335 
—~ Dimetbvlamlde, 349 
Nitromalonyf Urea, 377 
Nitromannitol, 623 
Nitromethane, 101 , 339, 409 > 5*7 
Dlsulpbonic Add, 247 
a-Nltro-a'Methyl Butane, X51 
Nitro-methyl-hydantoTn, 443 
Nitro*uracil, 574 
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Kltro-methyMsoxacolone, 543 
Nitronlc Acids, 150 
Nitrq^trosobutane, 153 0 

Nitt^trosoparaffins, Meso-, 153 
Nitronltrosopropihe, 133 
Nitro-octane, X3X 
Nitro-octyLene, 151 
Nitro-oleftae Carboxylic Acids, 399 
Nitro-oleflnea, 148,181.192. 338 
Nitroparaffins. 14 S, 150, 158. 17X1 >92. 210 
NitD^bthalitc Acid, 120 
Nitropropanol, 328 
Nitcppropionie Acid, 380 
Nltfbpropyl Alcohol. 328 
Nitropropylene, 151 
Nitxbprusside, ^dium, 243 
Nitcopyrimidiiie. Derivatives. 584 
Nitrosam^es. 163, 168 
Nltrosates. Alkylenc. 84, 848 
Nitrosites. Alkylene, 84, 848 
Nitroao-aUcyl Rydroxylainines, 172 
Nitrosocarbamic Methyl Estei, 437 
Nitrosocblorethane. 383 
Nitrosocblorides, Alkylene, 345 
Nitrosodichloroethane. 283 
Nitroso'dicthyl'urea, 44X 
Nitrosodiethyline, x68 * 

Nitroso-dlmethyl-aniUne. 159. 337 
Kitrosodimethylene, 168 
Nitroso-dimethyl'pyrrole, 537 
Nitroso'ethyl-bydroxylamioe. 172 
NitrosO’latty Acids, 381 
Nitrosoffuanidine, 438 
Nitrosoisobutyric Acid, Nitrile of, 381 
Nitrosoisopropyl Acetone, 23X 
Nitrosolic Acids, 234, 884 
Nitroso-methyl-hydroxylamine, i 73 
Nitrosonitronic Acids, 132 
Nitroso-octane, 153 
Nitrosoparaffins, 152 
Nitrosoparaldipiine, 2x2 
mtrosopropyl Acetone, 231 
Nitroso-tert.*butane, isj 
Nitroso'tert.'pentane 233 
Nitrosoureas, 441 
Nitrosourethano, 2x3, 487 
Nitrosoximes. 284 
Nitrosuccinaldebyde, 347 
Nitrotartaric Acid, 604 
Nitrosyl Chlonde, 138, 163 
Nitro-tert.'bulyl Glycerine, 198, 527 88^ 
Nitrotetronic Acid, 544 
Nitrotriiodoethyleue. lU 
Nitrouracyl, and DerivMives, 38s 
Nitrourea, 441 
Nitrourethine, 2x3. 487 
Nitrourethane Acetic Ester, 396 
Nitrous Add, Esters of, 137 
No%pne, 74 

— Dlcarboxylic Acid, 375, 3 o 7 
Non'drylng Oils. 302 ; Olive Oil, 302 ; Rape 
seed Oih 302 
Nonltolsl^37 
Non*naphtbene, 79 
Nonohydric Alcohols, 625 
Nonolc Acid, 841 . 301 
—— Ester. 268 
Nonoscs, 637 * 

Noayl Aldehyde. 193, 300 

-Ketoxime, 227 

—— Propiolic Acid, 304 
Nonylami&e, x6^ 

Nonylenic Acid, I 97 » 291, 888 
Norcaradiene Carboxylic Esters, 404 
NoriaosacchafJb Acid, 655 
NucJelolc Acids, 573 « 587, 67a 
Nncltp-albumins. 672 


OCTACBTTX Maltose^ 66x 
Octadecane, 76 
Octabydfic Alcohols. 623 


Octane. 77 

—Tesserakaidekacarboxylic Eater, 636 
Octanolactam. 396 
Octitols, 637 
Octoacetyl Lactone, 660 
Octobromacetyl Acetone, 351 
Octocbloracetyl Acetone. 351 
Octodecylic Acid. 262 
Octobydroxy-Aldebydcs and -Ketones. 625 
Octoic Acid. 261 
—-"-Ester, 268 
Octomethylene Dianlne, 335 
—— Glycol, 315 
Octyl Alcohol, Iff. 302 
-Glycerol Diethylin. 33a 

— Mustard Oil, 470 

-Nitrate, 137 

CEnantbaldoxime, 2x3 
(Enanthamidc, 278 
CEnanthol. 801 , 291. 30a 

- ■ Hydrocyanide, 37^ 

CFuaothone. 223 
(Enanthyl Aldehyde. 201 

— Nitrile, 280 
QSnanthylic Acid, 261 
CEnantliylidene, 89, 90 
Oil, Mineral, 77 

—— of Garlic, 123 

of the Dutch Chemists, 322 

-Rock, 77 

Oils, Drying, 301 

-Fats, 264, 527. 530 

-Non-drying, 302 

-Technical application of the, 264 

OIreoinargaric Aud, 302 
Olefine Acetylenes, 91 
—" Alcohols, 188 , X24, 221 
-Aldehydes, 193. * 1 ^* 305 i 34 ^ 

■ ■■ ■ Amionketones, 345 
-Cblorhydrins, 84 

-— Dlcarboxylic At ids, 507 

-Glycol, Diacctaie, 342 

-Glycols, 315, 340 

-Ketols, 343 

-Ketones. 228 

-Monocarboxylic Acids, 880 , 300 

-Ozomdes, 84 

-Pcotacarboxylic Acids, 62a 

-Polymerisation of, 84 

-Terpencs, 215, 422 

-Tctracarboxylic Acids, 6x5 

- Tricarboxylic Acids, 594 

Olefines, 78 . t66, 322 

Oleic Acids, 124, 193, 890 , 20^. 800, 301,306 

-Alcohol, X24 

Olein, 531 

Olive OU, 262, 264, 300, 302, 526. 531 
Optical Properties, sx» colour; fluorescence; 
refraction, 31; dielectric constant, 53 

-Resolution of Racemic Acid, 602 

—— Rotary Power, 54 
Orchids, 631 
Orcinol, 425 

-Tricarboxylic Ester. 569 

Omlthin, 340, 648 , 667 

Omithuilc Acid, 648 , 667 

Orsollinato of Erythxltol, 596 

Orthoacetic Derivatives, 884 . 4x3 

Ortboacetone Ethers, 223 

Orthoaldehydes, 189, 204 

Orthocarbonic Acid, Nitro-derivatives of, 429 

■ —— and Esters. 426, 4x8 

— — - - Sulphur derivatives of, 434 

Ortbofonnie Acid and Esters, i 4 x> <92, 886, 244, 

Of. ,44 

Orthoketones, X89 

—- Alkyl Ethers of, 225 

Ortholactic Acid, Chloride of, 364 

Orthonitric Acid, Diacetyl, 271 

Ortho-oxalic Acid and Derivatives, 488, 489, sfli 

Orthophosphoric Acid, Esters of, 141 

Orthoproplonie Ester, 284 

Ortlmthloformie Esters, 209, 233. 816 
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Orthoxuone, 406 
Osaiiiines;»6x7, 6^8 
Osatones, tif, 629 

Osmotic Pressure. Determination of the Molecular 
Weight of substances when in solution. 13; 
plasinolytic mcihud. 13 
Osotetrssones, 336 
Osones, 629 
Osotriaiones. 336 
Ovalbumin. 671 
Ovomucoid, 672 
Oxaiacetanilic Acid, 36s 
Oxalacetie Acid, 560. 884 

-Derivatives of, 563, 366, 3 t >7 

■ --Ester, 844 , 655 

■ Derivatives, 367, 612 
Oxalacetoacetic Ester. 608 
Oxalamidine, 486 
Oxalan, 373 
Oxalantin, 380 
Oxaldebyde. 346 

Oxalhydraione, BiS'acetoacetic Esler. 484 
Oxalhydroxyacetic Acid, 006 
Oxalic Acid, 116, 250. 287. 3 Z 3 . 400, 401, 4 «m< 
408. 444. 653. 659, 653 , 664. 565 

Ainidt'S uf, 483 

Derivatives, 349, 439 . 48 - 5 , ** 4 ^ 

Ester, xxo, 161, 314. 4 Sl 
Nitriles of, 484, 483 
Tbioamide, 486 
Ureides of, 487 
Hydraaide, 484 

-Derivatives, 380 

Oxaliiaide, 483 
Oxalmes, 347 
Oxalis, 480 

Oxali^butyric Ester. 367 
Oxalobutyric Ester, 307 
Oxalocitric Lactone E&ter, 366, 394, 6;»8 
Oxalocrotonic Acid, 571 
Ozalodiacetic Acid, 608 
Ozalodiamidoxime, 48^ 

Ozalodibydroxamic Acid, 486 
Ozalodi-imide Dibydrazide, 486 
OzalO'dimethyi'acetoacetic Esters, 609 
Ozalolnvulimc Acid, 609 
Ozalomalonic Ester, 612 
Ozalonitrile, 485 
Ozalopropionic Ester, 567 
Oxalosuccinic Ester, 6x2 
Oxaluramido, 375 
Oxalunc Acid, 487, 678 
Oxalyl Bis>acetyl Acetone, 647 
— Chloride, 482 

-Diacetone, 597 

-Diglycocoll, 4H4 

■ ■ - Dimalonic And, 655 

■ ■ — Dimethyl Ethyl Ketone, 597 

- Guanidine, 576 

■ ■ Ureas, 442, 676 
Oxamethanes, and Duiivatives, 463 
Oxamic Acid, 483 

Oxamide, 463 

■ Derivatives, 484 
Oxamidlnc'. 283 
Oxamidoacetlc Acids, 486 
Oxamlne Trimethyl Onhu-ester, 483 
Oxaminic Hydrazide, 484 
Oxanilic Acid, 183 

Oxanillde Dioxime, 250 
Oxasomaionic Acid, 564 
Oxetones, aa 5 » 374 . 5 ®* 

Oximes, 131* W, i 53 < 

Oxixnfde compounds. Sec Isomtroso-com- 
poonds 

Oxlmldoaostic Add, 403 
Oximidoacetone Dicarboxylic Add, 369, 371 
Oximidoadipic Esters, 57 ^ 

Oxlmidobutyric Add, 410 
OxixQido-fatty Adds, sSt, 407. 410 
Oximldodutaric Add, 368 
Oximidouoeimrolc Ester, 408 
Oxixttfdoketoontyrolaetone, 344 
OxlaidoketonMf 353 


Oxitnidomesoxalfc Add, 365 
■ nftriJe Ester, 363 
Oximidomesoxalyl vreas, 380 
OximidopuueUc Ester, 370 
Oximidopropionic Acids, 408 ,^ 10 , 353, 567 
OTLimidosucdnic Acids, and Esters, 567 
Oximidotetronlc Add, 344 * 

Oximidovaleric Add, 408, 410 
Oxo-compounds. See Keto-coiiipouuds 
Ozonic Acid, 573. 384 
Ozonfum Oxygrn, Z27 

-Salts, 31&. See also Etheratas 

Oxostearic Acid, 424 
oxy-arnino-pyrimidme, 574 
Oxycelluloscs, 664 
OxycfalorophosphiDCs, Alkyl, 175 
Dzyeitraconic Acid, 60s 
Oxyfurazan Carboxylic Acid, 364 e 
Oxyhemoglobins, 674 
(»xy-methyl-uracil, 574 
O'.ymudlage, 663 
Ovyneurine, 330, 387 
Uxypurine, 380 

-Amino-, 588 

Oxytetraldiue, 216, 339 
oxythiasole, M< ihyl, 469 
t ^xytiiaslne, Dipiu 447 
Ozokerite, 79 
Ozone, 339, 340, 347 

Ozonides, 84, 91; diozonides, 90, 91, 204, 294, 
300, 436 


P4i,ii Oil, 262, 264, 531 
Palmitamide, 278 

Palmitic Acid, 122, 223, 261, 848, 268, 301, 531 

-Aldehyde, 201 

PalmitJn, 364 
Palmitod^tearin, 330 
Palmitone, 223 ^ 

Palruitonilrile. 281 % ^ 

Palmitvl Amidoximc, 283 

- - lutozime, 227 

Pancreas, 389, 39^. 589, 619, 56 o 
—— Diastase, 658, (>71 
Pancreati.t DrcomposiLion, 542, 619 
PM.nfium eAule, 239 
Paper, 657, 664 

Papyotln, 677 , 

Paxabanic Acids 442, 446, 487, 574. 675 
Parabromacetaldchyde, 200 
Paracasein, 672 

Parachloralosc, 634 , ^ 

Paracouic Acids, 197, 299. 37 S» 492, Si 7 , 667 , 
558. b6i , 

Para^anogen, 486 
Paraffin, Solid, 79 

-- Carboxylic Acids— 

Ui-, 476 
Elcxa*, 636 
Hepta-, 636 
Peata-, 623 
Mono-, 235 
Tetra-, 6x3 
Tri-, 592 

Paraffins, 69, 83, X32 

-Halides, 93. 94 

Paraformaldehyde, 199 

Paraglyoxal, Polyni nc, 346 
Paralactic Acid, 364 
Paraldehyde, 199, 400 , 203, 296, 534 
Paraldimine, 212 %• 

Paraidol, 338 
Param. 437, .. ^ 

Paramuclc Acid, 631 
P.iraraylum, 662 
paranuclrlns, 672 
Parapropyl Aldehyde, 20X 
Parapyroacemic Acid. 408 
Parasaccharine, 646 , 622 
Parasaccharonic Arid 620 
Parasorbic Acid. 305, 699 , 604 
Paratartaric Acid, 601 
Paraxanthlne, 389 



V 


- &DEX 


7II 




Pamanthtaie STi^tbetii, of, 500 ' 

Panlefi 619 
Ptaitnaca saiwAt Z28, 339, 268 
PatUhnia torb*lttt S90 # 

Peas. 554 
Peat, 79 ? 

-Dry DistilUtion of, 71 

Pectin Substancea, 663 
Pectinose, 618 
Pelargonamide, 278 
Pdargonta to^eum, a6i 
Felargonic Acid, 891 , 264, 300 

— Anhydride, 373 
Pelargonitnle, 281 

PmtctiltUM glaucum, 12, 3C4, 390, 338, 359, 603 
Pentabromacetone, 224 
Peotacarbo^lic Acids, 622 
Pentacetyl Gluconic Acid and Dui\atives C17, 

634. •b$ 

Pentachloracetone, 224 
Pentachloroglutaric Acid 502 
Pcntachloropyndine, 520 
Pentachloropyirolc, 497, 614 
Pentadecane, 76 
Pentadeoatolc Acid, 261 
Fentadecylamlne, 165 
Pentaerythiitol, 198, 887 

— Derivative, 597 ^ 

Pentaetbyl Pbloroglucinol, 229 
Pentaglycerol, 528 

-Aldebvde, 334 

Pentaglycol, 314 
Pttntaglycyl Glycine Ester, 393 
PeDtahydnc Alcohols. 6x5 
Pentahydroxyaldebydes, (>25. 626 
I^ntabydroiycaproic Acids, 639 
Pentahydrosydextroses, 626 
Pentahydroxyhexoses, 626 
Pentabydroxyketones, 625, 636 
PentahydroxymoDOses, 626 

Peotahydroxypimellc Acid. 651 ost 

^ntal, 85 • 

Tentallyl Dlmethylamine, 167 
PentaiDPtbyl Acetone, 224 

-Ethyl Alcohol, 122 

-Pbloroglucinol, 223 

Pentamethylene Chloride, 323 

— Diamine, 2x1, 310, 331, 3*5 834 305. 5oa, 

—^^Dicarboxylic Acid, 307 

— bicyanide, 306 
-Glycol, 816 , 305 

-Immc^ and Imides, 331. 335 786 393, 

502 • 

-Oxide, 817 . 395 

Tetramino, 2 ix 
Pentane. 96 

-Dialkyl Sulphone, 236 

~~~ Heiararboxyhc Ester, 656 
-ar- Tctracarboxylic Acid, 613 

— Trlcar^xylic Acids, 684 

528 

Pentani^omannitol, 623 
Pentap^tidcs, 391 
Pentatriacontane, 77 
Pentene Tricarboxylic Acid, 593 
Pentenic Adds 888 , 209. 319 
Pentenoie Acid. Methyl, 538 
Pentbiophen, Methyl. 302 
Pentinic Add, 430, 644 
Pentitols, 616 , 639 
Pentosans. 662. 663 
Pentoses, 613,#19, 416 , 639, 672 
Pentosuria. 6 ro 
Pentyl Ktlwlene, 84 
Pentylene Malonic Add, 491 

— Oxide, 315, 3*7. 818 
Pepsin. 667, 668. 671. 677 

Peptides, Carbamic Add l^erivatives of the, 436 

—>• of the Aspartic Series, Di- and tri . 333 

Peptone, 391. 871 

Perbremaeetooe. 224 

^rbrometbane. 06 

Perbromathyleoe 96 


H 

PerchloraeataMahyde, 386 
Perchioraoetic llathyl Ester Oerivattvea, a88, 
430 

Perchloraoetyl Acrylic Acid, 486 , 5x4 
Percfalorathane, 93, •• 

Perchloretber, 129 
Perchloiethyiene, 96, 87,288 
Perchloric Adds, Esters of, 141 
Pcrchlorobeniene, 66,92, 96 
Pcrchiorobutadigne Carboxylic Acid, 301 
Perchlorodithiocarbonic Methyl Ester, 434 
Percbloroditbloformate Methyl, 434 
Percbloromesole, 98 

Perchloromethan^ Su Tetrachlorometbane 
Perchloroinethyl Ether, 137 

-Mercaptan, 432, 484 

Peichloroputlne Carbox3dic Add, 305 ' 
Perchiorous Adds, Ester of, 141 
Percblorovix^l Ether, 129 
Peroxalate, Potassium, 4IX 
Peroxide. Acetone, 224 

-Croionyl, 296 

Cydodi ace tone, 224 
Cydotnacetone, 224 
— Dibromoglyoxime, 230 

— Diethyl, 130 

— — Dioxime, 608 

— Ethyl Hydrogen, X30 

— Fumaryl, 309 

— Glutaric, 302 

-Nitnlomeutyl Dioxime, 231 

— Succinic, 496 
Peroxides, Add, 273 
—— Aldehyde, 203 

Alkyl Hydrogen and Pialkyl, 129 

— Dufkyl, 129 

— Glyoxirae, 335 
Perseitol, 624, 637, 631 
Perspiration, 236, 239 
Perthiocyanic Acid, 467 tel 
Petroleum, 71, 77, 78, ^4 
Petrolic Adds, 79 
Phsophytin, 673 
Pharaoh’s Serpents, 467 
Phase Rule, 56 
Pbasotropism, 38 
Pheuanthraquinone 63, 333 
Phenanthrene, 62 

Phenol, Z40, 347 i S 5 a» 632. 66y 

-Carboxylic Acids, 429 

—> Glucuronic And, 652 
Phenoxyacetal, 338 
Phenoxy-amino'butyric Acid, ^4l 
Phenoxybromobutync Acid S4* 
Phenoxycapronitrile, 380 
Phenozyethyl Malonic Add, 341 
Phenyl Acetic Add. 667 

— Alanine, 667 
-Asparaginanil, 51 x 

— Axoethyl. 214 

—— Axoiormaldoxime, 403 

— Azoimide, 509 
Hut3rrolactam, 395 

— Cyanate, 564 

— Diatoimide, 169 
Glucoside, 634 

■ bydraudo-chloride Oxalic Raters 486 
Phenylamido-dimothy] pyrrole. ts6 
Pbenylene Diamine, 349 
Pbenylbydrazone Dimethyl LssvuUnlc Acid, 424 

-Mesitonic Add 424 

Pbenylbydrazones, Ketone, 228 
PhenylbydrazonomesoxaUc Add and Deiiva 
lives, 564 4 

Phenylimido-oxalic Methyl Ester 486 
Isouretin, 244 

-Methyl Pyrazolone, 304. 4x6, 419 

-Pyndazone Carboxylic Add. 607 

Orthopiperacone, 498 

— Pseudouric Add, 378 
-Suednlmide. 498 

> Ureldo-Addt, 384 

— Uric Add. 381 
Phenylpyrazolone Acetic Add, 369 
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Pbenylpynioloiie Cuboiylle Acid and Deriva¬ 
tive, 567, 608 

Pbenyltria^le Dicarboxylic Ester, 53^ ' 
Phlorugluconol, Carboxylic Ester, 488 
Phurone, 91, aax, 225, 228, asa, 230, 5371 

571 

Pborooic Acid, 571 
Phosgene, 63, 24s, 256, 4 X 7 » 4281 410 
Phosphines, 173,174, 276 
Pbospbinic Acids, 141,173, 174, 170 

— Oxides, 173, X74, 170 
Phospbonium bases and Derivatives, 173, 174 
Phusphoacids, All^l, 173, 374, 175,196 
Phosphoric Acid, Esters of&tbo*, 141 
Phosphorous Acids, 

Phospborproteins, 67a 

Phosphorus Bases, 173 

— Determination of, 

Phototropy, 63 
Phthalic Acid, 159 
l^hthalimidoacetone, 344 
Phthaliinidobromopropyl Malnnic Ester, 341 
Phthalimidobromovalenc And. 342 
PhtbaUmido-alkyl Malonic Esters, 394, 393, 

Pht^alimidomalonic Ester. 550 
, . — - Cyanupiopyl, 3O0 

Phthalyl Amiuobutync Niiiile, 394 

— Glycocoll Ester, 385 
Phycitol, 396 
Phyllogen, 675 
Phylloporphyrm, 675 
Physdtr macrocepkalus, 268 
Phytocblorine, 675 
Phytorbodin, 675 
Phytosterol, 677 
Pieburixn Beaus, 262 
Picoline, 2x5, s^S 

-Dicarboxylic Acid, 409 

Picric Acid, 429 

Pimelic Acid. 322, 403 , 006 . M2 
—— ■ - -- Diacetodimcthyi, 610 

— Ketone, 304 

-Nitrile, 334 

rimelimide, 498 

Pinacohne, 216, 223. 2x9, 284 , 3x4, 379, 40B 

-Oxime, 165 , 227 

Pinacolyl Alcohol, 85. 122 

-Sulphocarbaniidc, 452 

Pinacone Formation, ^52 
■ — - Transformation, 83, 314 
Pinacones, C3, 218, 220, 224, 3x1, 211 
Pine-apple Oil, Artificial, 268 
Pine Needles, 236 
Pinene, 558 
PiHUS Jefffeyit 77 

-- larxx, 66x 

— sabiniana, 77 
Pipecoline, 331 

Piperazines, 826 , 337, 391, 382 
Piperryonium Halides, 331, 826 
Piperic Acid, 601 
Piperidic Acid, 394 
Piperidine, 90, 321, 331, 826 , 302 

-Derivatives, 337, 340, 396, 333, 6x3 

Pyperidene Oxide, 340 
Piperidone, 396 
—Carboxylic Acid, 560 
Plperidyl Urethane, 394 
Piperine, 336 
Piperylene, 90 

Pivallic Acid. See Trimethyl .\i etic Acid 
Pivaloin, 342 

Plane Symmetrical Configuration, 33 
PlauWMucus, 663 
Plaster, 264, 263 

Polarization, Rotation of the Plane of Optical, 
S 4 

Polyethylene Glycols, 3x3 
Polyglycerols, 332 
Polyglycollide, 287* 867 , 549 
Polymerism, 23 
Polymerization, 63 

of Formaldehyde, 199 


Polymerization of the Cyanogen-Ozygen Com 
pounds, 460 

— of the Olefines, 84 
Polymethacryhc Aci (^297 
Polymetbuiene Derivatives, Cyclic, 35 

-H^des, 323 • 

Polymorphism, 43 
Pclynitroparaffins, 153 0 

Polypeptides, 220 , 391. 343, 671 

-Esters, 403 

Polysaccharides, 113, 861 
Potassio-antimonyl Taitarte, 603 
Potassium Alkyls, 164 

—~ Carbon Monoxide, 247 
- Cyanate, 461 

— Cyanide, 242 
- Ferrocyanide, 243 

— ■ ■ Isocyanate, 242, 461 

Sclenocyanate, 467 

— Thiocyanate, 467 

Potato Spirit, Manufacture of, 113 
Powder, Smokeless, 530, 063 
Primutaeea, 625 
Procession caterpillar, 236 
Prolme, 390, 340, 048 , 398. 667 

-Leucyl, 543 

Prolyl Alanine, 343 

Glycine Anhydridd^ 548 , 673 
Propalanine, 230 
Propanal Disulphonic Acid, 348 
Propane, 74, 76 

-Disulphonic Acid. 327 

-PentacarboxyliG Acid, 622 t [ 61 1 

— — I'etrararboxyhc Acid and Ester, 394, 616 , 
-Tetrasulphou\l, I'ctraethyl. 347 

-Tricarbozylic I2.sters, 302. 68| 

-Trisulphonic Acid, 330 

Propargyl Alcohol, 123 

— Ethyl Ether, 129 

■ — Halides, 188, 137 

Propargylamme, 167 
Propargylic Acid, 303 523 _ 

— Aldehyde,' 818 , 3«;4 
Propenyl Alkyl Krtoiu 228, 229 
-GlycolUc Acid, 207 , 422 

■ ■■ Trichloride, 527 
Propenylamine 166 
Propeptones, 669, 670 
Propiobetaine. Trimcthyl. 393 
Propiolic Acids and Esiti, 129, 295, 202 , 304, 
4x8 * 

-Aldehydes, 816 , 347 

Propionaldebydc {see also Propyl Aldehyde), 3x4 
Propionaldoxime, 213 
Propionacetal Malonic Acill, 402 
Piopionamide, 77 

Propionic Acid. 858 , 294 > 3 ^ 3 . 3 <> 8 . 328 

— -- — ■ ■ Derivatives, 401, 402, 400 

—~ and Ester, Formyl, 40X, 402 
-Derivatives, 477, 397 

■ I ■ Acids, Halogen, 288, 289 

-Aldol, 339 * 

-Anhydride, Hydroxy-mercury, 289 

-Esters, 194, a68 \ 

-Peroxide, 273 

Propionitnle and Derivatives, 280 
Propionoin, 342 
Propionyl Acetic Ester, 418 

-Acctoacetic Ester, 419, 34C 

—Acetonitrile, 4x9 

-Azide, 278 

—— Carbtnol, 341 

-Cyanacctic Ester, 364 

-Cyanide, 409 

-Forraamide, 409 

I Formic Acid, 307 , 408 

-Halides, 270, 271, 313 

-MaUc Ester, 353 

-Propionaldioxime, 355 

—— ■ Propionic Estoi, 418 

-Pyroracemic Ester, 547 

Propyl Acetoscetic Ester, 418 

-Acetic Acid, 238, 260 

-AcetyloM Cnibozylic Acid, 304 
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Propyl, Acrolein, 015 

— Alcohols, X14, X 17 , 539 

— Aldehyde, xz;, Ml, 318, 3 is« Set iUso 
Propioneldehydc 0 

Phenylhydrasone, 914 t 
Aml&ovaleitc Acid, 3^)4 
Barbituric Acid, 577 
Bromide, zp^ 

Butyrolactoae, 375 
CarDiool, Z18 
Chloramme, 167 
Chloramylaroi&e, 33X 
Cmonde, 134 
ChiorophosphLQC, X 7 S 
Dichlozamine, 167 
Ether, 139 
Iodide, 136 
Ibocyaoide, 348 
Methyl Carbmol Acetate, 367 
Butyrdactone, 373 

-Methylene Amme, aiz 

-Mustard Oil, 470 

-Nxtramine, 169 

-Nitrate, 137 

—- Nitrolic Acid, 154 

-Oaychlorophosplunes, 175 

-Phospho-acid, Diethyl Ester, 175 

— Pxpendone, 396 • 

-Pscudomtrolc, 133 

' Sihcoformate, 141 
■ Sulphide, Z44 

— Thiourea 45a 

-Zme 187 

Propylamine, 104 165 
Propylene, 82, 86 97, 117 xa 4 i 5*7 
-Diamine, 335 

-Glycols, 313 341 

— ——Derivatives 3^0 334 533 
-Halides, 383 , 493 52? 

-Oxide, 1X8, 932 , 318 

— ^eudothiourea, 4'>2 438 
- Pscudoqrea, 440, 446 

i-Sulphomc Acids and Ueii\ 1 is< i 47 

-Ittracaiboxylic Ati Is, 613, 618 

Propyl Glyceric A< id, ^39 
Prop> lidcnc Cblondr 203 , 3x9 
-Diacetic Acid, 502 

— Propionic Acid, 399 


Protagon, 531 
Protalbic Acid, 670 
pfotamines, 674 

Pioteins, X14 54i»542i 554 iSA Owi 

— Decay of 359 330.39^ 4^1 4 J 9 

— Hydrolysis of, 38J 

-Nucleo-, 672 

Protocatcchoic Acid, 607 
ProiococciH vulgarw, 596 
Prosan-derivativi, 459 
Prussic Acid, 239 
Psnudo-acids, 40 
Pseudotyanpgen Sulplade, 468 
PseudodiazoBcetamide, 403, 406 
Pseudo^thiobiuret, 453 
Pseudoforms, 38 
Pstudofruetose, 633 
P^eudolonone, 332 
Pseudoitaconaniltc Acid, 313, 657 
Pscudolutidostyril, 399 

—- Denvatives,*4i9, 371 
Pseudomensm, 38 
Pseudomucin, 672 
Pseudonitroles, 150, 133 , 153 
Pscudonuclein|p 673 

Pwudosulpbocarbamide Derivatives ot, 453 

Pseudotbeobromine, 389 

PseudotbioH^dantoin, 433 

Pseudourea, 446 

Pseudounc Acids, 378 590 

ptomaines, 330, 831 , 334 i ^^7 

Ptyalm, 658 

Pultgone, 505 

Pumpkins 558. SS9 

Punne, 573 

Purone, sSo 


• 

Purpuiie Add, 380 
Putrescelne, 181 , 543 
Pyknometer, 46 
Pyran Dicarboxylic Acid, 609 
Pyrazines, 336, 340 r 344 . 528 

-Derivatives, 330, 433, 543 . 

Pyratoles, 88, 170, 8X3, 316, 332, 304, 344. 550, 
868, 535. 544. 598 

-Derivatives, 343, 537, 547, 398 

Pyrazolides, 339, 331 

-Derivatives, 3x3, 393, 404, 309 

Pyrarolone and Derivatives, X7o, 303, 304, 403, 

406, 4x6, 4x9, 323; d6z, 567, 607, 608, 6xt 

— Methyl, 424 
Pyndazinone, Meth yB 48 4 

Pyridaeone CarbozsrlKAcid, Phenyl Methyl, 607 
Pyndtne, 63, 69, 27^^36, 343, 347, S^a, 322, 

—6icarbosyIic Aci^, 6x3 
Pyndone, 399 

Pyrimidine and Denvatives, 280, 282 417, 453. 

Pjrro^iaxoles, 336, 344 
Pyrocatechin, 607 

Pyrocincbonic Anhydride, 507. 618. 6x3 
Pyrocinchomiiiide, 319 
Pyroglutamimc Acid, S59 
Pyrom leic Acid, 402, 654 

—— -Denvatives, 650 

Pyrone, 533, 621 

— Carboxylic Ands, 561, S7x, 6ax 

-Dimethyl, 599 „ , 

Pyroracemic Acids, 2x9,347. 289, 349 303. 380, 

407, 408, 516, 5x9, 539. 550. 173, 603, 605, 607 

-Acid Denvatives, 319, 408, 4x0, 347, 599. 

6o3, 630 

— Alcohol, 341 
-Aldehyde, 848, 363 

Dei 


Peroxide, 219 


nvatives, 354 . 355 


Pyrotartaiic Acid, 488,499,391,3x5,5x6 603,607 

-Denvatives, 374 . 495 , 498 , 519 . 520 561 

Pyrotercbic Acid, 889 , 374. 503 
Pyrotntane Acid 351, 408, 548 
Pyrrole and Denvatives, 318, 335 343 p 347 » 3 S>» 
352. 497 . 5 XX. 559 , 609, 654. 673 
Pyrrolidine, 90, 883 , 340, 396, 497 

-Carboxylic Acid, 543 

Pyrrolidones, 395, 396, 497 

-Denvative, 559 

Pyrroltne and Denvatives, 333, 543 
Pyrrolylenc, 00 
Pyrrornonazoles 347 
Pyruvic Acid, 407 

-Pynivyl, 399 

— Nitnlc, 409 

-Urcide, 443 

Pynivil, 173 

Pynivyl Compounds, 409, 599 


)UARTENYL1C ACID, 295. 887 
luercitol, 487 
lercitnne, 619 
Quinoline, 90 
Quinones 349, 3*0 
Qumonoid Dyes, 579 
Qumoxalincs, 349, 629 


EtACsmc Acid and Tsters, 28 32 34.57.305,400, 
40X, 50X, 51X, 601 , 608, 621. 654 
. —— Dimethyl, 408, 605 
— Bodies 16 

Radicals, 18, 84 * 

Radish Oil, 470 

Raffinose, 661 

Rape-seed Oil, 301, 302 

Rapmxc Acid, 303 

Reaction, Velocity of, 266 

Rearrangements, Intramolecular, 36, 333, 40X, 
446, a69, 470. 49?. 631,634 
Reduction, Electrolytic, 63 
RefrtcUon, 31 
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a t, 67% 

M, Bs9«ments of, 

Residues, 34 
Resm, Guaiacol, sxs 
Reversion (of sugars), 698 
Rbsmoitol, tie, $19 
Rbsmnobeutol, 6^4 
Rhamoobezose, 624, 888 
Rbamnonic Acid, 620 
Rbamnose, 6x6, 6x9 

-Carboxylic Acid, 635, 646, 669 C54 

Rhodaoic Acid, 461 , 433 
Rhodeose, 6x9 
Rbodinal, 2x3 ' 

Rhodophyllin, 673 
Rhubarb, 531 
Ribomc Acid, 620 
Ribose, 619 , 650 

Ribotribydroxyglutaric Acid, 621 

Ricinelaidic Acid, 302 

Ricinoleic Acid, 301 808 3119,424 

Ricinostearolic Acid, 808, 547 

RocceUa Moniagnei, 596 

— hnctorta, 307 

Roccellie Acid, 507 

Rock Oil, 77 

RongaUte, 208 

Rubeanic Acid, 486 

Rue, Oil of, 224 

Rum. X14 

' ■ — artibcia], 238, 268 
Rumtx, 480 
Ritta groveolfns, 224 
Rye, 636 


Saccharatss, 633, 659 

Saccharic Acids, 603, 020, 631, 633 639, 641,649, 
652,653. 659. 660 
Saccbanmeter, 639 
Sacchanmetry, 657 
Sacchanne, 620 
Saccbarobiose, 638 
Saccbarobiohcs 1x3, 667 , 6^8 
SaccbaroUctomc And, 654 
Saccharomycfs 1x4 

- ceuvuia seu vmt, X12 
Saccharone, 621 
Sarrharomc And, 620, 681 
Saccharose, 638 
Saccharum o 0 c*narum, 638 
Salep MuciJage, 631 
Salicm, C26 

■ Psntamcthyl, 634 
Salicylic Acid, 408, 306 
Salicylide-chloroform, 245 
Saliva, 638, 660 

SaUow Thorn, 351 

SaponificattOD, 104 131 861 267,277 
Sarcolatic Acid, 28b 363 304 
Sarcosme, 867 , 392, 4-,6, 389 

— Anhydride, 392 
Sauerkraut, 363 
Sawdust, 480 
Schifi's Basc<i, 383, 473 

■ ■■ Reagent 62 8 

Sekuomomyeetes, 1x4 ti8, 314. ^28* ^31 

Scurvy 470 

Sea buckthorn. 531 

Sebacic Add, 299 > ^02 606 

■ _■-■■■■ Derivatives, 334 

Secalose, 635 , , 

^cretions, Animal, 236 
See^of Plants, 531 
Seignette Salt, 603 
Selenetines, 377 

Seknium Compounds, X 43 i 740 
Selenocyanate, Potassium, 4^7 
Selenocyanidr, Ethylene 4 08 

Semfearoedde, 441* 646 
Seaicarbasones, 228, 231 
Semiaine, 63X 
Seminose. 631 
Seml>ozamatlde. 484 


inde; 


Sericaa, 540 

Sezine, 304, 390, 646 , 341, 667. 368. 674 

— Phenyl Cyanate 341 

Serum-albuznixi, 670 g, 1 

^Lrum*glc^ulin, 670 

Sesouimcrcaptol, 342 * 

obalet, Bituminous; 79 > 82 

— Dry Distillation of, >1, 79 
SiTicic Acids, Esters of the, 141, x8x 
Sikcoformic Ebters, 141 

Silicon, AUcyl and AlkO Halide Derivatives of, 
180,x8z • 

sec. Amine Derivatives, z68 

-CbloXpform, z8z 

Silicononane, z8z 
Silicononyl Compound^ i8z 
Mlic^ropionic Acid, i8z 
Silk Fibroin, 392, 540, 074 

— Gum (Silk Glue), 340, 674 
Silver Cyanide, 242 

—— Fulminate, 230 
Smamine, 432, 478 
Sinapin, 329 
SifMpss a/62, 329 

-ntgrtf, 470 

Sincalm, 329 
Sinapoline, 440 
Skatole, 667 

Smokeless Powder, 530, 665 
Soap Manufacture, 527 
Soaps, 131, 884 

Sodium Acetoacetic Esters, 323, 3 S 3 i 378 , 4x3 
418 , 486, 506, 509, 609 610 

— Cyanamide. 458, 471 

— Kthcnyl Tricarboxylic Ester, 622 

— Ethoxide, 116 
-Ethyl Sulphite, 140 

--Sulphonate, X40 

■ ■ rerrofulminat(, 250 
-Formamidi, 239 

— Fulminate, 250 

-Malonic Ester, 323, 372, 393 *(66, 490, 494, 

502, 505» 506, 507, 309, 350» 576, 6x3, 614 

—— Nitropnisside, 243 
Solubility, 30 

Sorbic Acid, 299, 806 , 398, 6ox 

-Ketoms, 232 

Sorbin Oil, 305, 880 
Sorbose, 630, 635, O36 

-Bacterium, ^41 531 597 

Sorbu^ ancuparta, 303 ) kj, 331 
Sorghum saccharalum 658 
Sorrel, Salt of, 480 
Sour Milk, 362 « 

Spsee-’somensio, 29, 33 639 
Specific Gravity 43 , 

-Volumes, 45, 46 

Spermaceti, 122, 262 868, 506, 331 
Spirits of Wim i»1 
Spfrttus atherfs nUros%, 136 
Spleen, 389 • 

Spoon wort, 470 

St. John's bread, 662 

Stachyose, 661 

Stocky a tubrrtffra, 66 z 

Stannic Alkyl Compounds, 183 

Stannomc Acids. 182,183 

Starch, 113.1x4 a 59 » 480 623,.632, 649, 637 eos 

— — Cellulose. 661 

— Gum, 663 
Stearamide, 278 

Stearic Acid, 74 . aas, 261, 866 , 300, 306, 331 

-Aldehyde, aox % 

-Anhydride, 273 

Stearin. 264, 331 
Steann-palmitic Lecithin, 331 
Stearolactone. 37 ^ 

StearoHc Acid, 30X, 804 
Stearone, 223 
Stearonitrile. 281 
Stearozyhe Acid, 804 547 
Stearyl Amidoximr 263 
—^ Ketozime. sa? 

Stereochemistry of Tarbon, fg 
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Stateoebcmtotrx of Nitiofen, 36 
—of Sulphur, 36 

oflm, 36 # 

Stersoi8omensm^39, 32, 224 

Stibine Coxnpouadt, 179 

Strain Theory of von Baeyar, 36s 

Stfophantkus^ 329 

Staffer’s Law, 325, $27 

Styryl EthyUmine, 340 

Suberane, 80 # 

Subi no Acid, 322, 806 
-Anac, 334 

— Dialdebydp, 348 
Suberone. 375, 504, 506 
Substitution, Retrogressive, 93, 280, 321 
bucdnaldthyde Dioximc, 355 
Succmamic Acid, 497 
Succinaffiides, 444, 496 468 
Succmamlic Acid, 497 
Suceinethylamic Acad, 497 

Succinle Acid, 63, 8r, 1x4, 402, 486 , 316 

-Acids, Higher, 493, 494. 49 ^ 518, 519, 3 aOi 

568 . 551.556 557 . 561, 599 

— — Halogen Substitution Pioducts of 499 

— -—• lactone, Ati formyl, 561 
~ Aldehydes, 91, 844 402 

— Anhydride, 496 

— — Carbo^Uc Ester, 59a 

— Fster Derivatives, 561, 568, 605 
——- Peroxides, 496 
Suecinimide, 335, 487 

-Derivatives, 497 , 499. 557 5 ) 5i8 

Succinodibromodiamidt 498 
Succinohydraxide, 498 

-Nitnie Tetramethyl, 397 

^uccinonitnlc, 499 
Sucfinophenyl Hydra^idc 498 
buccinyl Cblonde, 374, 375 406 

-Denvatives, 422, 423 

-Hydroxamte Acid, 499 

•-MethyMinidc 424 

— — Peroxide, 496 

Sucrose, 113 114,341,594 6 i 5 649 655 868 
Suet, 264 

Sugar Beets, 387, 393, 66x 

-Dry Distillation of, 2X8 

• Inversion of Cant, 266 
-of Lead, 257 

f ugars, 1X2,480 649 666 671 
ulphamide. Alkyl xbH 
Sulphaminu Acids 1O8 
Sulphaminobarbituric Acid 578 
Sulpfaanfaydndes SerThio tiihvdiulei 
Sulphide DicarboxyUc Acid'. 370 
Sulphid^ulphones, 206 
Sulphides, 143 
Sulpbine, 144 

Compounds, 144 , 324 325 
^Iphinic Acids, 147 , 185 3 s 
Sulphite, Sorlnim Ethyl, 140 
— ■. Cellulose, 064 
Sulphqp. See also Thio* 

Sulpbo-acetic Acid, 326 877 
Sulpho^alanint, Naphthalene, 3^8 
Sulpbo ammo valeric Acid, 394 
Sulphocarbamic Acid 449 

-— Derivatives 434 

Sulphoearbamide 461 , 452 
Sulpbocarbimide, 466 
SulphocarboQic Acid, 432 
—— — D^vatives, 434 
SulphocarboMthyl Disulphide, 4)3 
Sulphocarboxyllc Acids 377 
Sulpbocyanacettc Acid 469 
Sulphoeyante Acid, a66 
Sulphocyanurlc Aad, 47X 
Suiphogfyclne, Naphthalene, 388 
Sulpbohi^antoln, 453 
Sulphobydroxamic Aad, Benscnc 283 
SolpbO‘isobutync Aud, 377 
Sulphonal, 143, 609, Hi 
Sulpbonates, X40,170 
Sttlphone Carboxylic Acid, 377 
SolphOMi, 141 , 208, 299, 225, iof*. ^45 


Sulphonic Acids, 148, 325 

— —, Derivatives, 159, 444 
Chlorid^ Thcbloroinethyl, 434 

Sulphonium Compounds, 144 
Sulphosueeinic Acid, 553 
Sulphotetronic Aud, 544 
Sulpbotbiocarbonle Acid, 433 
Sulphourea, 451 
bulphoxides, 145 
Sulpboxyldtes, Aldehyde, 207 

— Ketone, 225 
Sulphoxylic Aad, X47 
Sulphur, 6 

— Atom, Asymmetric. 377 
Determination of, 6 
Stereochemistry of, 36 

bulphur*£ther, X27 
Sulpburanes, 32^ 365 
Sulphunc Acid, Esters of, 38, 139 
—^ Glycol, 323 

— Etber>acids, 139 
Sulphurous Aad, Esters of, 140 
bynaptase, 858, 677 
byitomns, 670, 671 


Taqatosb, 630, 835, 666 
lalitol, 624 

— Derivatives, 624 
Tallow, 262, 264, 530, 531 
Talomuuc Acid, 647, 664 
Talonic Acid, 635 650 
faiose, 630, 666 , 63b 
Tanacetogen Dicarboxylic Acid, ^99 
lar, 79 82 

-Oils, 83 

Tartar Lmetic, 603 

Tartanc Aad, Configuration of 646 

- Acids, 25 , 28, 31. 56. 61, 222, 364, 597 . 

686, 641, 653, 659 
Tartaru'i emeitcui or sitbtalus 603 
1 utrazmt, bob 

rartcouic Aad, 489, 528, 646 , 603 

-— Denvatives, 544 550 

-Semi Aldehyde, 543 

Tartronyl Ureas, 444, 677 
faunne, 325. 886 , 331, 335 54^. 6.6 

-Bromomethyl 533 

l^urobctaint, 327 
Taurotarbamic Acid, 327 
laurochoUc Acid, 686, 676 
Tautomtrism, 38 
Tea Paraguay, 590 
Tclluiium Compounds 143, 148 , 184 

Tcraconic Acid, 5x7 618,565 
Teracrylie Acid, 299 

Tcrebio Acid, 299, 374 , 503, i^ 7 , 5^8, 666 , 6xa 

Tciephthalic Aad, 402 

Terpcncs, 125, 2x5, 4 * 3 , 4*4 

Terpentine, 558 

Tcrpenylic Acid, 299. 503, 668 

Tutracetyl Duminoputane, 647 

— — Ethane, 597 

letra*acetylene Dicarboxylic Acid, 523 
Tetra-alkyl Ammonium Compounds, 165 
—Arsonium Compounds, 179 

— Diarsine, 176 

-Phosphonium Compounds, 173, X73 

~ Stibonium Compounds, t 79 
—^ Tetraxones, 171 
Tetrabromobutync Aldehyde, 203 
Tctrabromodiacetyl, 349 
Tetrabromoformalaxme, 459 
T trabromometbenc, 429 * 

Tetrabromoxalodiacctic Ester, 60^ 
Tetracarbooimide, 584 
Tetraehloracetone, 1x8, 884 

— Denvative, 2*9 
Tetracbloretbane, 96 
Ictrachlorethylene, 97 
Tetrachlorocafieme, 591 
Tetrachlorodiacetyl, 349 
Tetrachloxoflutacomc Acid, 520 
^tncUoxoBMthaae. Sea Carbon TctracUorlde 
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Tetrachlorophenyl Pjrrrole, 498, 5x4 
Tetracbloroph^sphines, Alkyl, 173 
Tetrachlorosuc ciaaml, 50X 
Tetrachloroxalodiacctic Ester, CoB 
Tetradccyl Biityrolactotlc, 375 

— Propiohc Acid *^04 
Tetradecyhc And, iCi 

Tetrat tbinyl Hexasulphide, 274 
Tetraethyl Acetone, 223 

-Compoundb. See o/xo Teti*! alkyl Com 

pound'll and also parent substaiiwi.s 

— Oxalic Ester, 482 

-buci inic Acid, 495 • 

Tetrac-thylium Iodide, 166 /* 
Tetrafluoromethane, 95, 426, 428 
Tetrahydrocarvone, 375 396 ^'’4 
Tt trahydrolurfurane, 818 ^95 h-><) 

Ti trahydrouaphthalene Tt tracaiboxylic Acid, 
613 

Tctrahydropicoline, 343 
Tetrahydropyridine A’ * h> U 140 
Tetrahydropyrone Dk til v>lic Fsi t Dimethyl, 
621 

Tetrahydropyrrole, go 338 , 393 
Tetrahydrouiic Acid 5^2 
Tctrahydroxyadii 1C Acids 641,652 
Tetvahydroxyaldchydts 6x6 
Tetrahydroxyiso\al< rii And 619, 620 
Tetrabydroxymon < irloxylic Acids. 617,619 
Tctrahydroxypcnlanc Cirbc^xylir Acids 620 
Tetrahydro\> V ilnic Acids, 618 641 
TetraiodoethyUne., 97 
Tetraiodomc thane 429 
Tatraldan, 33S 
Tctramcthyl Acetone, 223 

- Compounds See also Tetra alKjl Com 

pnund« and also parent substanct s 
—— Dextrose, 633 

•-Diammoaietic Methv* Dst r 402 

-Diaminomalonic Estt r 363 

-Diketocyclobutane, 290 

— - Dmitroazoxymcthane, 153 
-Fthyl Alcohol 122 

—— EthyU nr S3 88, 122 
Hahdes 91, 322 
Nitros ibromicl 322 
Nitr >syl Cl 1 ri It ^>27 
Oxide 216, 31 i 818 
Fulpcnic Acid 522 
Hydiazoniuin lodi le 170 
Hy Ir ixy^,lut ine Acid •>60 
Mt than' 7 S 7b 
Oxalic Ester 482 
Pipcrazornim Chloride, 331, 337 
Pyrafim, 423 
Pyrrolidine, 335 
Succinaml, 49A 
Succinic Acid 493 
Nitnh 307 

— — Tnammopro} im 533 
■ — Uric Acid 588 391 

Tetrametbyl cydobutant dione 475 
Tetramcthyl diarmno 2 mtiupiopiue, 533 
Tetrametbyl Dinitroeth me 133 
Tetramcthyl-ri thctie pentadicnc 91 
Tctramc thylen* Carboxylic Auds '•o’' 307,614 
■ Chloride, 323 

-Diamine, 331, 833 ^93 543 

Dicyanide, 505 

-Glycol, 314 , 370 395 

-Imines, 888, 395 

-Nitiosamme, 335 

—— Oxioes, 316, 818 395 
Tetianetbylium Iodide, 166 
Tetranitroethane, 156 
Tetranltromefhane 15^ 

Tetramtrosaccharose, 660 
Tetrapeptides, 391, 674 
Tetrapropyl Succmir Acid, 495 
urea, 440 

Tetrasuee^mide Tn lodo-iodide, Potauiuni 
497 

Tetrasttlpblde Aeatic Acid, 377 

T«tr|tfl|ia Dicarbosyllc Amide, 403 ^ 


Tetrazonea, Tetra>alkyl, 171 
Tetrimc Acid, 341, 420, 884 
Tctiolic Acid, 391, 29^ 804 
Tcironal, u6 

retromc Aoid, 544 * 

-Derivatives, 430, 345, 398 607 

Tetrose, 337, 897 , 616 k 

Tetroxan, Hexachlorodimetbyl 203 
rhallium Alkyl Compt iin Is, 

Thicne, 164, 373, 575 . 57 y 580 389. 

J heoVfoma eaeao^ ^89 
Thcobiomic Acid, 262 5S9 
Theobromine, 588, 889 •> 

- — Carboxylic Arid 5 » 

Theophylline, 572, 589 C8u 
Thetines, 377 
Fhiacctamide, 282 

Ibiacetic Acid, 273, 274 , 53O '' 

Tbialdine, 208 , 212 
Thiazole, 282» 420, 433, 469 

-Cyclic, 450 

Tbio . a/fo Sulpho 
Thioacetals and their Sulphoues, 209 
Tbio acids, 373 
Ihioacetoacetic Ester, 543 
Thioalcohols, 142 
Thioaldehydes, 34. 208 . x 08 
Ihioillophanic hst( r 453 
riiio ammo butyrie Acid ^12 
Thio amino-propionic Acid, 543 
Thioammelinc, 4 08 
Thio anhydrides, 273 
rhiobarbitunc And 576 
Ihlobutync Acid 17b 
Tbioearbamie Aeid 149 

•-Dcnvati\f 450 

Thiocirbamides, Ac>' 471 

- Alkyl, 469 

Tluocaibonic Acids 432 

-Dfnvitives 431 454 

Thiocarbonyl Chlori 43.. .8. « 

Thiocyanacctic Acid 4r6, 498 
Thioeyanacetonc, 469 
Thiocyanic Acid, 46b 

-Derivative*' 239, 151 471 

-Anhydni’e, 467 

-Esters 432 468 471 

Tbiocyanodiamidmc 4 38 
Thioiyanunc Acid 471 
Thiodiacetoacetic 1 Ur, 4x7 
Thiodialkylimims 107 
Thiodnzoles, 536 «I 4 3 
Thiodibulync Acid, 37O , 

Tliiodiethylammc, 1O7, 331 
fbio liglycol, 324 , 

Thtodiglyeollic Atid 3?6 

-Anhydride, 376 

Thiodilaclylic Acid, 376 
Thio ethers 143 

Tbiot thyl Carbonic Estf r 442 , 

Thiocthyl Crotonic At id 119 
Thioformethyhmide, 243 , 

Thioformie Acid, 2 43 
Thioglycollide, 376 
Tliioglycollic Acid 876 453 
rhiohydantom, 376, 458 
1 hio imido ethers, 234 282 
Thioisobutync Acid, 376 
Thioketones, 209, 220, 

Thiolactic Acid and Derisatives, 408 
Thiol actic Acids, 376 
Thiolcarbamlc Acid, 448 t 

-Ester, 449 . 

Thiol-carbethylamine, 449 
Thiomalic Acid 553 
Thionamic Acids, x68 
Thion-carbonic And, 432 
Thionic Acids, 273 
Thion carbon-thiolir Acid, 431. 488 
Thionunc Acid, 578 
Tbionyl Chloride, 162 168 
■ Diallqflammes. 168 

-Diethyl Hydrazine, 170 

—> BthyUou&M, 162, 188 
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Thioa^ Ethyle&e Dlamlofi, 13s 

— iBobutylauiine, 164 
MetbyUmine, ibS 

— Tetralkyl Diamines,468 
Tblonylamines, 

Thio^ozalic Acia, 486 • 

Thio*ozypurlne^86, 888 
Thiophene, 6a, % 3x8, 347. 35i, 49® 

— Derivatlveik^^, 654 
Thiophosnne, 

Thioproplonamide. 98a 
Tbiopsopionlc Acid, 974 
Tbiopseudouric Acids, 578, sSe 
Tbiop^olido^e, 396 
Thiosetnicarbazide, 454 
Thaesemicarbazones, 454 
Tbiosinaminc, 453 
Tbiosuc^anil, 497 
Thiosu^nanilic Acid, 407 
Thlosnlphonic Acids, 147 
Thioilftealkyl Diamine, 167 
Thtorolene, 422 
Thiotriaminopyrimidiae, 586 
Uiouramil, 578 


Thiourazolc, 434 
Thiourea, 420, 439, 
—- Diallyl, 440 

-Guaoyl, 458 

Malonyl, 576, 


481, 43a, 374 


87V 


Thiourethancs, 440 
Thiouric Acid, 57J 
Thioveronai, 377 
Thioxanthincs. 382, 568 
Thiuram Sulphides, 449, 430 
Thrcose, 597 
Thrombin. 670 
Thujone, 423 
Thymine, 373. 874, 67z 
Thymus Glands, s73 
Tigltc Acid, 34, 292, 298 

-Aldehyde, 215 

, —— Ester,%98 
Tin, Alkyl Compounds 182, 183 

— Stereochemistry of .30 
Tobacco, 77, 55* 

Tolane Dibalidrs, 34 
Toluene Sulphimicte, 337 
Toxalbumins, 667 
Toxins, 667 

transformation, Ucn/ylic Acid, 34s 

-Pinacone, 8j, 314 

Transposition. 69, 438, 467 
Trehalose, 66 j 
T nacctainxde, 277 • 

Triacetic Acids, 348 
Triacetiiv 530 
Triacetohydr.izide, 278 
Triacctonamine, 280, 335 
Triacetone Dialcofaol, 334 
^ Diamine, 880, 535 
— Uihyidroxylamme. 881, 539 

— -Anhydride, 231 

I^urea, 441 

—Glucobeptitol, 625 

— Hydroxylainine, 333 
Mannitol. 624 

Triacetonylamme Trioxime, 341 
Triacetyl ^nzanc, 343 

-Borate, 271 

Trialkyl Ammonium Salts, 340 
—Cyanammonium Hnimtde, 472 

— Phosphine Oxide, 174 
Trialkylamii# Oxides, 17a 
Triallyl Melamine, 472 
Triamidohbenol, 224 
Triaminoguanldine, 459 
Triaminopropane, 333 

Trlaminoprnmldine and Derivatives, 578, 388 
Trlamyl sulcol, s8t 
Itiazan Derivatives, 459 
Trlasene, Dicarbokylic Amide, 439 

-Dimethyl, I7x 

Triaxole, 239 
Triazolones, 404, 43^ 


Tribcnzoyl Methane, 40 
Tribromacetio Acid, 268 
Tnbromacrylic Acid, 299 
Tribromaldehyde, 203 
Tribiomethane, 96 
Tribromethylidene Glycol, 209 
Tribrombydrin, 329 
Tribromobutyric Acid, 289 
Tribromolactic Acid, 369 
Nitrile, 497 

Tribromomethyl Kctol, 848, 944 
Tribromopropane, 136 
Tribomppyrow Atgd, 408 
TribromopyroraceBiic Acid, 246, 808 
Tribromopyruvic ^id. 409. See Tribromo* 
pyroracemic Acid 
Tribromosucciuic Acid, 301 
Tnbromothiotolene, 429 
Tiibulyrin, 330 

Tricarballylic Acids, 306, 888, 594 
Tricarbamidic Ester, 444, 448 
Tricarbimide Esters, 464 
Trichloracetal, 305 
Tnchloracctaldehyde, 801, 203 
rricliloracetjc Acid, 202, 887 
Tnchloracetoacetic Ester, 404, 481 
Tncfaloracetoacrylic Acid, 425 
Trichloracetyl Chloride, 97, 129, 888 

-Tetracbloracetone, 229 

-Tricblorocrotonic Acid, 429 

rricbloracrylic Acid, 295 
Tiichlorcthane, 88 , 284, 337 
Trirblorether, 129 
Trichlorethyl Alcohol, 117, 652 
Trichlorethylene, 97 
Trichlorcthylidene Glycol, 202 
-Malomc Ester, 308 

— Trichlorolactic Ester 368 

— Urethane, 436 
Tricblorobutyl Alcohol, 118, 65a 

Tnchlorobutyraldehych*, 2«)3 

Tnchlorobulyric Acid, 203, 289 
Tnchlorohydracctyl Aceton •, 221 
Tnchlorhydrin, 329, 532 
Tnchlorisopropyl Alcohol, 106, 118, 364 
rnchlorocrotonic Acid, Trichloracriyl, 425 
Trichlorohydroxybutyric Aad, 531 
rrichlorolactamide, 581 
Trichlorolactic Acid, 888 , 549 
Tnchloromercuriacetaldehydo, 87 
Trirhlorometbyl Paraconic And, 887, 618 
— ■ Sulphonic Acid, 146, 434 

-Xanthine, 391 

Trichloiopbenomalic Acid 425 
Tnchloropropanc, 529 
Trichloropunne, 584, 587, 38S 
Trichloropyrimidinc, 374. 870 
Tnchloropyroraccmic Acid, 408 
Trichtorosuccinic Acid, ^01 
Trichlorovalernlactic Acid, 369 

-Nitrile, 379 

Trichlorovinyl Elkyl Ether, 482 
TricAloryl Isocyanuric Acid. 466 
Tiicosane, 76 
Tricyanic Acid, 463 
Theyanogen Chloride, 466 

Tricyanotrimethylenc Tricarboxylic Esters, 489 

Tricyantriamide, 472 

Tridcrane, 7b 

Tridecylamide, 278 

Tridecycltc Acid, 261 

Tridccylonitrile, 281 

Triethozyacetonitrile, 485 

Trielhyl Hydroxylamiue, 178 

—- Iodide, 189 

Triethylamine, 165 * 

-Derivative, 172 

Triethylene Glycol, 313 
Triet^lidene UUuIphone Sulphide, 309 

•-Trisulphone, 209 

Triethylxn, 531 
Trifonnal, Mannitol, 624 
Triformoxime, 213 
Triglycerlc Acid, 539 
V^lycyl Carboxylic Acid, 437 
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Tridyqri GlTclae, 593 
TxiSakMen Actyhc Acidt, 309 
TnhaloEydnnt, 529 
Tnhydrocjranunc Acid, 474 
Tnhydrozyadipio Acids, 620, 6si 
#Tzihydroxybutyzle Aud, 598 
Tnhydrozydicarbosylic Acids, 6x7, 
TnhydroxyetbyUoune, 330 
Tnbydroxyelutanc Acids, 618, 619, C20, 881 
Tnbydruxyisobutyric Add, 598 ^ 

Tnbydroxyvsleric Adds, 888 , 6so 
Traminobarbituric Acid, 376 , 

Til lodoacelic Acid, 346, 888 - * 

Tri lodoacetone, 346 
Tn lodoaldebyde, 346 
Tnisoamylene, 85 

Tnketokesanes, 537 , 

Tnketone Dlcarbozylic Acids, 631 
Tnketopfntane, 337 
Tnketovaleric Acid, 398 
Tnmercunc Acetic Acid 481 
Tnmesic Acid, 303, 401 0z5 , 

Tnmethyl Acetic Acid 120 347 

— II. ■ _ , . - Derivatives 371 268 

Acetone Dlcarboxylic T'lti r 569 

Acetonitrile, 3R0 „ 

— Acetonyl Amnonium Chloride 344 

-Acetyl Itamalic Anhydride, 558 

-Acrylate, 383 

-Bcnrene 89 

Carbimide 464 

-Carbinol xiq 

-Carbyl irairn. 164 

Diethyl Kctopiporidme 33s 
—“ Dihy Iropyiidmc Dicaibixylit 1 ter 212 
-Dioxymetboxypunne 583 

— Ethyl Methane, 75 
-rthylene, 83, 345 

Derivatives, 327, t 4 $ 

Hrxadiene 91 
Hviracrylic Acid 299 570 
H>drazomum lodidt 17 i 
Hydroxyadipic Acid, 560 
Methane 74 
Pimelic Ac ds, <06 
Propane Tricarboxylic Aci 1 593 
Propionic Betaine 38} 3)3 
Psrrazoline 228 '>29 23? 

Sucrinanil 408 
Siilphonium Compounds 143 
Tiimethylene Diamine, 333 
Tnoie, 3U 
Uracil 373 
Uramil 578 
Valcrobetiine 394 
Vinyl Acetic Acid 375 

Ammonium Hy Iroxide 166 
***nmethylamine 19 26 108 
Iriraethvl butadiene 91 
Tnmetbylene, 80 

Bis phthalimidomatonic Ptter 606 
—— CariMzyhc Acii-» 202 289 404, 307, 

613 6x4 

-Cyanides, 3x0 sot 

-Diamine, 333 

-Dicyanosucclnie Esi 656 

~~ Diraalonie Fster 6x3 

-DlpbthaUmide 332 

Dttucclnic Acid, 6x4 

-Disulphide, 324 

-Disulphonie Acid 327 

-Ethylene Durome 337 

Nitrosite, 327 
Toluene Sulphimide 337 
Glycols, S14 

— Derfvatives, 3191 5'’4 
Halides, 94, 289, 32X. 828 $01, 6x4 
Imme, 335 . , 

Imiaotnlnbonic Acid, 533 
Mcrcaptal, Arabinose, 6x8 
Dextrose 634 
Mercaptan, 324 
— —Oxide 222. 818 


550, 


^arbozylie Acid, 54 * 


Ttimetbyleiie Pheaylhydn8hii8v2X4 
■ Sulphones, 209 - 

— Tnamine, aix * 

— Urea, 441 

Tnmetbyloh-picoline, 199 • 

Tnketoheptane, 537 * 

Trimyrtotin, 53X - 

Tnnilroacetonitrile, 155, 230, 485 
Tnmtrobensene, 333 
Trinitrochlorobenaane, 162 
Tnmtspethane, 188, 264 
Tnnitiomethane, lU, 247 
Tnnitrophenol, 429 '* 

Trinitropropane, 3^ 
Trmitrosotrimethylm Triamino, fXjKi 
rnnitrotnmethyl Psppane, 344 'k 
Triolcfines, 91 bl 

Tiiolcm, 300, 881 hB 
Trtonal 226 “ 

Tnose liimcthyl, M4, 616 
Triozan Hexachloreoimethyl, 20S 
Tnozimidopropane, 337 * 

Tnoxy methyl hydrouiaril 374 
Tnozymetbylene, 106 108 302,401,636 
Tnpalmitin, 331 
Tripeptides, 391 
Tnphemyl Acetic Acid 247 
Tnpropylamine i7'» 

-1 Denvative 17 

Trikelenide, Cysnogi n 167 
Tnstearjtt, 531 
Tnstearyl Borate 271 
Tnsulphide Acetic Acid 377 
Triaulphone Acetou ( 

Tn&ulphones 208 34* 

Tiisulphonic Acid hfim I 235 

-—— Propanonc sto 

Tnthloacetaldf bydi 201 
Trithioacetone, 226 
Tn thio bis malonic I t< r 
Tntbiocarbonic Acid 4 x 
Trithiocarboxyhc Diii,]> Die 
Tnthiocyanuric Lst< rs, 474 
Tnthiodibutyrolactonc 376 
Tnthtoformaldehydc 209 
Tnurea. C3 anurlc, 463 
Tropetne, 326 
TruxUlic Acid, 63 
Trypsin 667 
Tryptic Digestion, 39“* 

Tryptophane, 406 507 
Turanose, 661 
Turpentine Oil 290 » 4 ) 

Type Theory, 272 287 
Tyiosme, 37, 3 <) 0 . ^^7 674 


413 

f 


) i 




545 


516 5*8,558 


UmOXCANAL, 201 

Undecaae, 76 

Undecanonic Acid, 434 

Undeccnylamine, z 67 

Undeiolic Acid 299 304 434 

Undeeylamine, 163 ^ 

Undeeylenic Acid 201 * 302 304 

Underylenol 124 

Undecylic Aeld. 261 268 S39 

Uracil Carboxylic Fiitii 507 

UraciUmide, 374 

Uracils, 444 878 672 

Uramido crolonic Ester 585 

Urarail 444, 878 5B0 386 

Uraroles 447, 44® ^ 

Urea 23 244,250 347 42 ® 43 *» 447 

a 85 , 542 » 58X 
Ure«s Alkyl, 440 

— Aroe^nide 447 
—• Chlondes, 43 * 

-Compound x6o 

— — Cyanacetyl 576, 590 

-Cyclic AlkyUm 440 ^ 

- Hydrazine Der vatives of, 44 s 

Derivative of Diacetonamme, 230 
Guanyl, 457 ^ 

Hydroxyl 44^ 
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Ucei 


^ 578 » S 79 


JCMMoKalyl, 590 a 

Siibmur^ootiAtaiiig IVnvative^ or 448 

— Ttfrtrony}, 577 

UiTldes, 384. 487, 57t» 57*. »75 

Urethaneb, 394, 415 437 577 ^ 

Uric \dd» 336, 416, 455. <45» 57*, 575 578, 681, 
583.587.591 , „ , 

!■ I y Synthesis of, 585 

Urine, III, 335. 573. <>'9 
Urobutyl Cfaloralic Acid 203, 4UI8 
Uroebloralic AciA. *oa, 868 . . 

Urotijgpm, 24 q 
U roxanic Acid, S84 
Uinc Acid 408 
t&ie Acf^4o8 
Ueition^ A^d, 409 

^AtlKAnMHYDB, 301 

Valeramlde»277 
Vafitr,‘maoillinnaUs 260 
ValencAeld 258 i^O 
>—Denvativob, 402, 4y. 619 641 
—^ Esters, 368 

e Valerobetalne. Tiimetbyl, 394 1 

Valerola, 343 
ValerolactaiD, 396 
Valerolactone, 874, 375, 559. 820 

— Derivatives, 378, 422, 559 50o 598, 607, 
6X3 

Valcronitnle. 280 
Valcryl Chloride 271 

rnio( arbimidc, 471 
Valetyl.no, 8 q 
V atioc, 888 667 

Vapour Density, Dt termination of the Molenilir 
Weight It 

. Pres ur% Dole nninitiun the Mol. cular 
* Weight from th< low'-rmg of the, 14 
Vaselines, 79 
Vegetable Ivory Nut, 631 
Veronal, 491, 577 • 

VcUh Seeds, 455 
Vetches, 554. 55« 580 
Vscia faba minor 580 
—~ saliva, 580 
Vmaconic Acid, 550 
Vinasse, 105 5->4 
Vinegar 256, 374 

Vmj I Acetic A< id 201^887,299 539 
Anilide 398 
—Acetonitnlf 297 

--Acrylic Acid, 303 

-Aleohol, 37, 188 

—~ Alkyl Ketones, 228, 888 
Vii./Iamine, 166 
-Cyanid^, 294 

— DMcctonamioe, 330 
-I Ib^rs, I2Q 

—--Ethylene Mercaptsn, 324 

— Glutane Acid 522 
_ — Glyeollic Acid so? 

-Halides, 95. 97 

— lly Itoaypivalie Acid, 398 
—— Mustard Oif, 144 


Vmylamine, Snlphide, 144 
Sulpbomc Acid, 147 
Tnmethyl Ammonium Hydroxide, 329 
Vinyhdene Oxanllidc, 349 
Violuric Aad, 563, 580 
Virginia Creeper, 36a 
Viscose, 664 
ViteUin, 090 
Volemitol *625 


WArt«M* 8 'lnversion,‘‘ 55 , 364, 389,500 
Wanderingy^tomic Set Intramolecular Atomic 
Rearrai^ment 
Water of G^tallisation, 44 
Wax, Chiniw, 132 
Waxes, 36B>369 
—— Minei^, 79 
Wheat, Gex^ of, 387 
Whey, 660 
WbitethonMB64 
Wood, 79 

Distillate from, 164 
'9' Dry DritiJlation of, 71 
Fibre, 664 
Oil, Japanese, 302 
Spirit, 109, 222. 257 2^»7 
—^ Vinegar Process, 257. 374 
Wool Fat, 365 


Xamthamp Ilydridi 467 
Xanthates, 433 
Xanthic Acetic Acid, 433 
Xanthine 572 586 587 688 
— Homologous, 590 59 T 
Xanthochclidonic Acid, (>21 
Xanthogenamic Acid, 449 
Xinthogenamidcs 449 
XanthngCDic Acid Ester, 432 488 

Xanthophame Arid, 547 
Xinthophyll hyiy 
Xinthoprotem Ueaction 669 
\anlhiihamnme, 619 
Xanthosuccinic And 553 
Xanthoxalanil, 565 ' 

Xeronic Acid 5x6, 5x9 

Xylamine, 616 

XylituI, 616 6x9, 621 

Xylochloral, Oig 

Xylonic Acid, 6x8, 619 620 

Xyloqumone, 349 

Xylose, 363 507 . 62* <^^3 

-Carboxylic Acid, 650 

Xylosimme, 636 

Xylotnhydroxyglutanc An 1 620, 621 
Xylylene Bromide, 6x3 


Yeast, 112, 394, SaS, 552, 573 . 633, 637, 663 


7 imc, Alkyl Denvatives of. 188 , 187, 256, 269 
Alkyl Synthesis, 72, 83, X03, 217 
— Fnlminalc 250 
7 ymase, ixx, 677 
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